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IMAGINATION IN SPACE 


Since Creation, man has looked out on space. At first, unknowing 
and incurious: then with the beginnings of understanding; now 
free and able to explore. Yet to move in space calls for wholly 
new concepts of energy. 

This, then, is the working philosophy of Hercules in chemical 
propulsion: ‘To design and manufacture highly concentrated 
packages of energy as propellants and rocket motors; each compatible, 
controllable, predictable: and each perfected for its specific mission. 

HERCULES’ BACKGROUND: A half-century of creative imagination 
in the evolution of propellants, from shotgun powder to the manufacture of 
every one of the millions of U. 8. rockets fired during World War IL, and now 
to space propulsion. Hercules facilities today encompass research, design, 
engineering, and staff organization for the production of the most advanced 
propellants. Illustrated brochure available on request. 


HERCULES POWDER COMPANY 
900 Market Street, Wilmington 99, Delaware 
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From MICROLOCK to microlock 


One of the most interesting and 
useful scientific activities at JPL has 
been the development of MICROLOCK, 
a radio tracking and communication 
system for satellites. 

Microlock is designed to transmit 
information over extreme ranges of 
space with a minimal amount of trans- 
mitter power and weight. The objective 


CALIFORNIA 


was achieved by sophisticated design 
of the ground receiving equipment. The 
design utilizes basic electronic circuits 
and techniques carefully combined in 
a novel manner to provide superior per- 
formance and sensitivity. 

The satellite transmitter consists of 
a radio-frequency oscillator, phase- 
modulated by telemetering signals, and 


radiates a power of 3 mW. It is capable 
of operating for several months on a 
battery weighing one pound. 

Used successfully in previous space 
vehicles, microlock remains a useful 
and expandable instrument for contin- 
uing space exploration. It is a prime 
example of JPL’s activity on the space 
frontier. 


INSTITUTE OF TECHNOLOGY 


JET PROPULSION LABORATORY 


A Research Facility operated for the National Aeronautics and Space Administration 


PASADENA, CALIFORNIA 


Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 


INFRA-RED OPTICS « MICROWAVE SERVOMECHANISMS COMPUTERS LIQUID AND SOLID PROPULSION 
STRUCTURES CHEMISTRY « INSTRUMENTATION MATHEMATICS AND SOLID STATE PHYSICS 
Send professional resume, with full qualifications and experience, for our immediate consideration 
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NOTABLE ACHIEVEMENTS AT JPL... 
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Escapement 
mechanisms... 
by 

Bulova 


Bulova en 


gineering extends from requirement to mass production 


Bulova mastery of clock escapements and precision manufacturing offers advan- 
tages in design and production of simple, rugged and inexpensive mechanisms 
integrating time, distance and acceleration. 


Bulova capability can make a whole lot of difference in the success and reliability 

of your program—commercial or military. 

Experience in precision design and manufacture is the Bulova tradition—the Bulova 

capability—it has been for over 80 years. For more information write— 

Industrial & Defense Sales, 62-10 Woodside Avenue, Woodside 77, N.Y. 
VISIT OUR BOOTH NUMBERS #1719-/1721—1.R.E. SHOW, N.Y.C. 
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Astro notes 


NASA OUTLOOK 


4 


e Fight satellites and four deep- 
space probes are scheduled this year 
by the National Aeronautics and 
Space Administration, including 
one and possibly two more moon 
shots with Atlas-Able to make up 
for the failure of Thanksgiving Day, 
1959. In 1961, according to NASA 
Administrator T. Keith Glennan, 
the civilian space agency will tackle 
a “sophisticated” lunar impact ve- 
hicle and its first “all-cryogenic” 
flight-tests with the Centaur. 


e For the future, NASA has pre- 
pared a detailed “Ten-Year Plan.” 
It predicts U.S. payload capabili- 
ties of 10,000 Ib by mid-1963, 30,- 
000 Ib by mid-1964, 40,000 Ib by 
mid-1966, and 55,000 Ib by mid- 
1968. By the end of the 1960's 
according to Richard Horner, asso- 
ciate NASA administrator, U.S. 
astronauts will be on the threshold 
of circumlunar flight, with a man- 
ned lunar landing to come in the 


1970's. 


e By mid-1962, NASA’s present 
pool of space booster vehicles—Red- 
stone, Thor-Able, Atlas-Able, and 
Juno II—will drop out of the pic- 
ture, to be replaced by Scout, the 
Agena-B with Thor and Atlas boos- 
ters, and Atlas-Centaur. Four 
Scouts are to be fired by July 1960, 
with six per year thereafter for the 
rest of the decade. The Thor- 
Agena-B will be launched first in 
the year beginning July 1961, with 
six per year for the rest of the 
decade. NASA will launch Atlas- 
Agena-B and Atlas-Centaur vehicles 
at a rate of eight a year from July 
1961-63, with ten in fiscal 1964, 
followed by a dozen a year through 
1969. 


e The ten-year plan predicted two 
Saturn launchings in the year be- 
ginning July 1961, with two more 
in the following year and three in 
the year after that. Beginning July 
1964, the Saturn firing rate will 
level off with four a year. Initial 
flight-testing of the 1.5-million-lb- 
thrust single-chamber Nova is ex- 
pected in fiscal 1968, with two more 
shots in the succeeding fiscal year. 


e Materially assisting the early 
flight schedule for the eight-engine 
Saturn cluster was the White House 
decision to give Saturn “top national 
priority” (along with Mercury). 
President Eisenhower okayed a 20 
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per cent boost in Saturn overtime 
and $113 million in additional 
funds to push Saturn and the F-1 
superbooster which Rocketdyne is 
building. Dr. Glennan said the ad- 
ditional money would accelerate ini- 
tial Saturn flight-tests one year and 
speed by 3 to 9 months the test- 
firings of the Saturn second and 
third stages. These will both em- 
ploy lox and liquid hydrogen. A 
new Saturn second stage will be 
needed, with 200,000-Ib-thrust lox- 
hydrogen motors in place of the 
elongated Titan booster originally 
planned. 


e All told, NASA plans to get off 
260 major satellites and space 
probes in the next 10 years. To 
forward this program, President 
Eisenhower asked Congress for 
$802 million in new obligational au- 
thority, a 53 per cent boost over 
fiscal 1960. Next to Saturn, NASA’s 
biggest program will be Project 
Mercury, which will require $122,- 
750,000 this fiscal year. Other im- 
portant NASA programs: Scientific 
satellites, $41.7 million; lunar and 
planetary exploration, $45 million; 
liquid rocket technology, $40 mil- 
lion; Centaur, $47 million; and 
Thor-Delta, $12.5 million. 


e Of lesser account in a month of 
budgets and plans: There is strong 
pressure within NASA to set up its 
own space-physiology group . . . 
The space agency is listening to in- 
dustry proposals for solid motors 
with thrust-vector control, and may 
let contracts . . . Brookings Institu- 
tion will study long-range social, 
technical, political, and economical 
aspects of the impact of space ex- 
ploration for NASA under a $100,- 
000 year-long contract. 


MAN IN SPACE 


e The sixth and last of the Little 
Joe shots, and first scheduled to 
pack a real Mercury capsule in- 
stead of a boilerplate model, has a 
good chance of taking place toward 
the end of this month. The Janu- 
ary 21 shot marked the first com- 
pletely successful test of the escape 
system under maximum loads, and 
bolstered expectations that the 
Mercury development will move 
promptly into long-range ballistic 
firings with the modified Redstone 
booster. Moreover, the long series 
of air-drop tests of the parachute- 
recovery and rescue systems, also 
blessed with success, have all but 


drawn to a close, and now point 
logically to an early ballistic flight. 


e The 6-lb female rhesus monkey, 
Miss Sam, flown by the AF School 
of Aviation Medicine in the January 
21 capsule, on a_space-available 
basis, survived the flight in good 
spirits and with apparently no ill 
effects. Photographs and _physio- 
logical measurements are expected 
to give a clear picture of the mon- 
key’s responses. 


e The Mercury capsule itself now 
includes a glass picture window 
and a rubberized-Fiberglas cushion 
between heat shield and capsule 
face to buffer landing. Releasing 
the heat shield after re-entry will 
extend and inflate this cushion as a 
kind of skirt between capsule and 
shield which will vent air on im- 
pact to absorb shock. 


e An informative and extensively 
illustrated summary of Project Mer- 
cury through 1959 has been issued 
by the House Committee on Science 
and Astronautics under the title, 
“Project Mercury, First Interim Re- 
port” (House Report No. 1228). 


e The first test to simulate some 
of the effects of weightlessness for 
periods of longer than one-minute 
successfully conducted by 
Capt. Duane E. Graveline, a 28- 
year-old flight surgeon at the USAF 
School of Aviation Medicine. After 
floating for a week in a tub of warm 
water, Capt. Graveline encountered 
marked physical and mental de- 
terioration, including muscular 
atrophy and circulation difficulties. 
“We expect deterioration will be 
expressed as a marked inability to 
tolerate stress and g-loads,” he com- 
mented, This means an astronaut 
in space for a week or more might 
be unable to cope with the re-entry 
problem, although little deteriora- 
tion is expected during the 4.5-hr 
Mercury flight. This test will be 
followed by others of more com- 
plexity and control. 


SPACE TECHNOLOGY 


e The Titan ICBM can project a 
gross weight of 5000 Ib into orbit, 
according to its engine developer, 
Aerojet-General, with most of this 
representing useful payload. _ If 
Titan’s second stage were modified 
to use liquid hydrogen with liquid 
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Want to be 
an Executive? 


Management is actively looking for engineers who 
have the desire and ability to become. administrators 


by 


In a sense, this is the golden age for 
engineers. Once buried in corporate 
obscurity, many of them have emerged 
today as likely heirs apparent to the 
big jobs—and the big rewards —of 
business and industry. One impressive 
indication of this growth is that money 
spent in research and development 
over the past fifteen years has in- 
creased six-fold. 

Despite this stepped-up activity, 
however, the once disorganized 
scramble for engineers seems to have 
ended... at least temporarily. And 
perhaps it’s a good thing. Actually, 
the more perceptive engineers had al- 
ways realized that unusually high 
starting salaries were often illusory. 
The gap between money being offered 
beginners and the incomes of experi- 
enced men was narrowing rapidly. 
Further, more and more thinking tech- 
nical men concluded that even top 
engineering salaries are low when 
compared with the remuneration of 
highly placed general executives. 


A Plan to Help 
the Engineer Succeed 

Happily, there is a route to increased 
incomes that is satisfying to both en- 
gineer and company alike. This route 
leads into management. It is no easy 
road but the rewards are great for 
those willing and able to follow it. 

In the vast, complicated world of 


James M. Jenks 


business the engineer has much tolearn. 
As a manager his duties will bring him 
into contact with accountants and buy- 
ers, advertising men and salesmen, 
lawyers and other executives. A 
strange new set of circumstances con- 
fronts him. He must gain confidences 
and be understanding, learn and in- 
struct, be sympathetic, paternal or 
commanding as conditions require... 
and all in the midst of a business or- 
ganization about which his knowledge 
is limited. 

Actually, it comes down to this: 
To succeed as a business executive, 
the engineer must learn the art of mak- 
ing decisions quickly and accurately. 
And this ability is, of course, directly 
dependent upon knowledge. The 
“principles” of business—while not 
as scientific and inexorable as those of 
engineering—are no less important... 
no less essential to efficient procedure. 

For nearly fifty years, the Alexan- 
der Hamilton Institute has specialized 
in bringing this knowledge to mature 
men—at home in their spare time. 


Free... “Forging 
Ahead in Business” 


We do not claim that you must have 
the Alexander Hamilton Course in 
order to succeed in business. But we 
do say that you cannot succeed with- 
out what is in the Course! 


All the Institute does is offer you a 
convenient and time-saving means of 
bringing this knowledge to you in your 
spare time; and in a form that has 
proved to be practical and effective. 

So that you may judge for yourself 
whether or not you think the Institute 
can help you, we have published an in- 
formative 48-page book titled “Forg- 
ing Ahead in Business.” 

We believe that this little book will 
help any man get down to bedrock in 
his thinking; however, there’s no cost 
or obligation for it because—frankly 
—we’ve never been able to puta price 
on it that would reflect its true value. 
Some men have found a fortune in its 
pages. 

If you would like a complimentary 
copy of “Forging Ahead in Business”, 
simply sign and return the coupon be- 
low. It will be mailed to you promptly. 


| ALEXANDER HAMILTON INSTITUTE | 
Dept. 227 71 West 23rd St., N. Y. 10, N. Y. 
In Canada: 57 Bloor St., W., Toronto, Ontario. | 


| Please mail me, without cost, a copy of the | 
| 48-page book— 
“FORGING AHEAD IN BUSINESS” 


Name 

| 
| Business Address_— 
| Position 


Home Address. 
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oxygen, its gross orbiting capability, 
the company says, would climb to 
9000 Ib. In development work, 
Aerojet has already been able to 
boost the thrust of the first stage 
engine to 230,000 Ib (nominal per- 
formance of 150,000 Ib). 


e Aerojet gives the following speci- 
fications for its “Senior,” the first 
stage of NASA’s Scout rocket sys- 
tem. Senior has a gross weight of 
22.684 Ib, an empty weight of 3584 
Ib, a burning-time of 33.5 sec, a 
thrust level of 111,800 Ib, a total 
impulse of 4.1 million Ib-sec and a 
specific impulse of 214 sec. 


e The Air Force is sponsoring a de- 
sign study of large solid-propellant 
rockets utilizing the “building 
block” concept. Such motors might 
have a gross weight of 500,000 Ib, 
a total length of 60-70 ft and a di- 
ameter of 12-14 ft. Studies by 
Aerojet show that the U.S. highway 
system can accommodate rockets of 
about 12.5 ft in diam. Several com- 
panies have proposed segmented 
solid-propellant rockets with thrusts 
up to 3.5 million lb. Solid rockets 
in excess of 3.5-million-lb thrust 
probably will have to be built with 
special facilities on their own 
launching pads, according to Aero- 
jet, while the segmented rockets 
can be assembled on the pads at 
much less cost. 


e Nearly any company that can 
make solid propellant now has a 
scheme for a megaton-thrust solid- 
propellant space-vehicle booster. 
It would be interesting to see what 
transpires in the AF bidding. Ad- 
vances in plastic motor cases make 
such powerful motors attractive in 
terms of mass ratio, but the physi- 
cal properties of the huge grains 
that would be involved, and the 
prospects for combustion stability 
with them, leaves some room for 
second thoughts, especially with 
newer, high-energy propellants. 


e Under NASA contract, Consoli- 
dated Systems Corp. has developed 
to the stage of prototype testing a 
small mass spectrometer, planned 
for a satellite in 1961. 


e Aeronutronic Div. of Ford Motor 
Co. was selected as prime contrac- 
tor in the ARDC study of the Na- 
tional Space Surveillance Control 
Center (Space Track) at AFCRC. 
The study covers cataloguing and 
computing satellite orbits, and de- 
sign plans for expansion of the Cen- 
ter. Also involved in the study are 
Eastman Kodak, Page Communica- 
tions, Dunlap and Associates, and 
Raytheon. 
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e Under a two-year contract from 
WADD’s (previously WADC) 
Flight Controls Lab, Bendix Avia- 
tion’s Eclipse-Pioneer Div. and Re- 
search Laboratories will develop 
and test hot-gas flight-stabilization 
and control systems for “semiorbital 
vehicles and missiles.” 


e The ninth Discoverer hit the deck 
without orbiting early in February. 


e WADD’s planned  aerospace- 
dynamics simulator and analyzer— 
with capability for high vacuum, 
high and low temperatures, tem- 
perature gradients, three-direction 
vibration, roll, pitch, yaw, rotation, 
buffeting, etc.—will be built by the 
Ordnance Div. of Minneapolis- 
Honeywell Regulator under a two- 
year program involving several mil- 
lion dollars. Principal subcontrac- 
tors involved are Cook Electric and 
Universal Match. 


e People are talking plug nozzles 
for the 200,000-lb-thrust upper 


stage engine just bid on for Saturn. 


e Electro-Optical Systems won the 
AF contract to develop a_pilot- 
model ion engine. 


e Payload for the first orbital test 
of NASA’s Scout vehicle is slated 
to be 100-lb  micrometeorite 
package. 


e Stanford Univ. scientists revealed 
that they succeeded in bouncing 
radar signals off the sun’s corona in 
an experiment conducted last April. 
The experiment was similar to the 
one conducted in 1958 at Lincoln 
Laboratory, with Venus the target. 


DEFENSE DEBATE 


e The annual battle over the ade- 
quacy of the defense budget has 
broken out again between the 
Administration congressional 
Democrats. Once again, a down- 
ward revision in the intelligence 
estimate of Soviet ballistic missile 
capability is the heart of the issue. 
Defense Secretary Gates says the 
Russians will not build a 3-to-1 mar- 
gin over the U.S. in ICBM’s as 
expected last year, but a smaller 
margin believed to be in the neigh- 
borhood of 2 to 1. He has ad- 
mitted, however, that the revised 
estimate is based in part on an esti- 
mate of Russian intent—something 
usually frowned upon in intelligence 
circles. 


e The period of the greatest Soviet 
missile lead will be mid-1962, Gates 
told Congress. At this time it is be- 
lieved the U.S. will have about 180 
operational Atlas and Titan ICBM’s. 
The Russians accordingly are ex- 


pected to have an ICBM force of 
350 to 400 by this time. Gates 
argues that the Soviet lead in mis- 
siles does not mean a “deterrent 
gap” because of the great additional 
strategic deterrent power in the 
Polaris submarine, SAC bombers, 
the Navy’s Sixth and Seventh Fleets 
and the overseas units of the Tac- 
tical Air Command. 


© Soviet Premier Nikita Khrushchey 
livened this debate in a speech 
in which he hinted at a “fantastic 
weapon.” This was followed-up 
shortly by start of the rocket test 
series over a 7700-mile range from 
Tyura Tam near the Aral Sea to a 
Pacific impact area southeast of the 
Marshall Islands. The Russians 
called their rocket a more powerful 
lower stage for a new interplanetary 
booster and claimed an accuracy of 
2 km (1.24 miles) on their first 
shot. In Washington, observers 
were generally inclined to believe 
the Tass statements concerning the 
rocket shot, but there was no con- 
census as to K’s “fantastic weapon.” 
For what it’s worth, several old 
Pentagon hands thought the Soviet 
leader was talking about a souped- 
up ballistic +=warhead—“something 
we've already given them credit 
for,” commented one. 


e As for the U.S. military budget 
itself, there were few surprises. 
The President sought $40,577 mil- 
lion in new funds for fiscal 1961, 
$70 million below the current fiscal 
year, and put defense spending at 
$40,995 million in fiscal 1961, up 
$50 million over this year. The 
trend from aircraft to missiles con- 
tinues unabated; aircraft obligations 
will drop from $6,143 million this 
year to $4,753 million in fiscal 1961, 
while missiles will climb from 
$3,244 million this year to $3,825 
million. 


® Key items in the new budget in- 
clude a 14th wing of B-52H long- 
range turbofan bombers for the 
Strategic Air Command, three new 
Polaris submarines and an oil-fired 
supercarrier for the Navy, and the 
Shillelagh antitank missile for the 
Army. Nike-Zeus will remain in 
development status. 


e The President asked for a total of 
$3,951 million in research, develop- 
ment, test and evaluation funds in 
fiscal 1961, compared with $4,268 
million this year. Major items 
(with current year in brackets) are: 
Aircraft, $446 million ($502 mil- 
lion); missiles, $1,481 million 
($1,498 million); military 
astronautics, $318 million ($408 
million). The transfer of Saturn 
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Ivi-/S/A provides 
reliability with 
Generators 


in the successful accomplishment 
of all Project Mercury tests to date 


2. 
= 


ORDNANCE 


Mc/S/A gas generators have proven their reliability in all tests of the 
Project Mercury landing system, developed by Radioplane, a division of the 
Northrop Corporation. 

The gas generators provide the energy to eject the main and reserve 
Ringsail parachutes from their compartments in the test capsule. A folded 
nylon ejector bag, located beneath the parachute within the parachute com- 
partment, is inflated at a controlled rate by low pressure (25-30 psia) solid 
propellant gases produced by the gas generator. The closed gas generator- 
ejector bag gas system eliminates gas losses and permits close control of 
ejection velocity at !ow ejection pressures. The gas generators are electrically 
initiated by a dual ignition system and the reserve unit incorporates a 1.25 
second pyrotechnic time delay. Temperature of the gas introduced into the 
ejector bag is maintained below the burn-out temperature of the bag 
material. 

Prototype test units were developed by Mc/S/A within 11 days from 
date of order. The gas generators have been operationally tested from 
— 60°F to +200°F and environmentally tested for humidity, shock, altitude, 
vibration, acceleration, radio noise, acoustic noise and salt spray. 


McCormick Selph Associates 


HOLLISTER AIRPORT/HOLLISTER, CALIFORNIA 
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from the Army to NASA is respon- 
sible for the drop in the last ac- 
count. 


WEAPONS 


e The Air Force selected four addi- 
tional Atlas launching sites at Altus 
AFB, Okla., Dyess AFB, Tex., 
Walker AFB, N.M., and_ Platts- 
burgh AFB, N.Y., to bring to a total 
of 11 its Atlas bases and to 13 the 
number of its planned squadrons. 
Each base will have nine dispersed 
launching pads situated in under- 
ground silos hardened to 100-psi 
blast pressure; each will require $47 
million and two years to complete. 


e Present Atlas deployment plan 
provides for a soft Vandenberg AFB 
squadron of six pads using a single 
radio guidance net; the second 
squadron at Warren AFB, Wyo., 
will be the same, but the third 
squadron (also at Warren) will 
have some dispersal—three com- 
plexes of three pads each, each 
complex having its own aiming net. 
The fifth Atlas squadron at Fair- 
child AFB, Wash., will have the 
first all-inertial Atlas ICBM’s com- 
pletely dispersed and semihardened 
to 25 psi. The eighth Atlas squad- 
ron will introduce 100 psi harden- 
ing in underground silos. 


e After a long dry spell (nine 
months without a flight-test suc- 
cess), Titan successfully demon- 
strated ignition of its second stage. 
The event was enormously hearten- 
ing to the Air Force, which had 
supported Titan in the face of Con- 
gressional and other criticism. Be- 
fore the Titan’s flight-test success, 
Defense Secretary Thomas Gates 
had assured a House Appropriations 
Subcommittee that Titan had 
greater growth potential than At- 
las, a better potential for storable 
fuel, and that it would “significantly 
increase the number of megatons 
you can deliver.” 


e In a more private vein, a high 
USAF official said Titan offered an 
earlier hardening capability than 
Atlas. It is planned that all Titan 
squadrons will be hardened to 100 
psi in underground launchers, be- 
ginning with the first Titan squad- 
ron by mid-1961. The first six Ti- 
tan squadrons will utilize radio 
guidance, however, and will be 
built in complexes of three each in- 
stead of having full dispersal. The 
seventh Titan squadron using all- 
inertial guidance and 100 per cent 
dispersal will be established about 
the spring of 1963. This squadron 
may also mark the introduction of 
storable propellants, higher-thrust 
engines and the ability to launch di- 
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rectly from the silo without raising 
the missile to the surface. A total 
of 14 Titan squadrons have been 
authorized. 


e The Air Force and its contractors 
are working behind the scenes to 
reinstate the B-70 as a weapon 
system, and it is possible their ef- 
forts may produce an unexpected 
result: A decision in favor of 
Convair’s latest proposal for a 
Super-Hustler powered by Pratt & 
Whitney’s new J58 turbojet in place 
of GE’s J79 in the present model. 
The J58 can deliver 23,000 Ib of 
static-thrust without an afterburner, 
while the J79 can produce 16,500 
Ib with an afterburner. The im- 
proved specific fuel consumption 
of the J58 would make the Hustler 
all-supersonic for some missions, 
and give it a considerable range 
improvement for all missions, but 
would not increase its speed above 
the present Mach 2. It should be 
noted, however, that the prospect 
for a Super-Hustler is still tenuous; 
the Administration’s present pro- 
gram provides for a “buy-out” of 
the B-58 in fiscal 1961, with a total 
of $3.1 billion obligated for 116 


aircraft. 


¢ Defense Secretary Thomas Gates 
plans a new appraisal of the na- 
tion’s air defense requirements this 
year to determine whether the 
“mix” of missiles and manned inter- 
ceptors decided upon in last year’s 
“master” plan for air defense is still 
responsive to the Soviet threat. 
Gates said the plan provides for 
16 Bomare squadrons in the U.S. 
and 2 in Canada (with 8 of the 
total to be completed by mid-1961), 
but he said Bomarcs are vulnerable 
to really accurate ICBM attack be- 
cause they require fixed sites while 
interceptors are more mobile. The 
Defense Dept. has earmarked 
$421.5 million for Bomare-B and 
$111.4 million for Nike-Hercules in 
fiscal 1961; installations of the Her- 
cules will be practically complete by 
the end of calendar 1960, while the 
Bomarc-B is scheduled into 1963. 


e Pye Wacket is the name of an 
unique bomber air defense missile 
which Convair is developing with 
its own funds. Shaped like a sau- 
cer, it’s designed to be fired from 
the tail of a bomber to destroy in- 
terceptors at greater ranges than 
conventional automatic weapons. 
One problem which has plagued 
previous tail-launched missiles has 
been a tendency for the missile to 
vaw 180 deg—i.e., turn in the di- 
rection of the launching aircraft. 


¢ Solid-propellant missiles continue 


to extend their grasp on the military 
dollar. Latest big contract, in the 
amount of $82,599,690, went to 
Martin Co. for development of the 
two-stage Pershing, which will com- 
mence flight-testing at Cape Cana- 
veral this year. The Air Force 
selected Aerojet to develop the sec- 
ond stage of Minuteman (Thiokol 
has the first stage). Boeing, which 
will assemble the missile in an $11 
million facility at Hill AFB, Ogden, 
Utah, has awarded a subcontract 
to American Machine & Foundry 
Corp. and ACF Industries, Inc., to 
design and develop a railroad car 
launcher and control car for the 
mobile Minuteman. A total of 800 
Minuteman ICBM’s are _ planned, 
with 250 on railroad cars. 


e Watch for the Air Force to order 
a design competition soon for its 
first “V/STOL”—a tactical fighter- 
bomber capable of verticle and/or 
short takeoff and landing. The air- 
men want the vehicle to be super- 
sonic, have transocean ferry capa- 
bility and be able to deliver large 
thermonuclear weapons. They be- 
lieve the V/STOL capability is a 
must for a future generation of 
fighter-bombers in order to allow 
for dispersal and hardening. 


e Initial flight-tests of the three- 
stage Minuteman solid-propellant 
ICBM will be conducted this year 
at Cape Canaveral. It is not known 
whether the firings will include live 
Aerojet second stages. The con- 
tract for the third stage has not yet 
been awarded, but Aerojet hopes 
to win it with a short, fat (£5 ft 
diam) rocket equipped with four 
moveable nozzles for control. 


WIND-TUNNEL NEWS 


e Arnold Engineering & Develop- 
ment Center is planning an indoor 
“space shooting gallery” capable of 
achieving velocities up to 5 mps 
and simulated altitudes of 60 miles. 
Using a supervelocity gas gun to 
accelerate a 2-lb model up to satel- 
lite speeds, the facility will meas- 
ure 10 ft in diam and 1000 ft long. 
A unique feature of the $2 million 
“hypervelocity range” is the fact 
that the models will carry their own 
radio telemetry apparatus. AEDC 
has already developed transmitters 
and telemetry pickups capable of 
withstanding up to 200,000 g in 
two pilot facilities already in opera- 
tion. A key assignment of the new 
range will be environmental studies 
of winged Dynasoar configurations 
which will operate in this speed- 
altitude regime. 


e Originally designed to _ test 
(CONTINUED ON PAGE 11) 
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Atoor00"01° GM T March 1, 1960, Martin logged its 457,080,000th mile of space flight 


Without electronics it is impossible to design, build, test, 
launch, guide, track or communicate with a missile. That is why 
40% of Martin’s 7,500 engineers are electronic/electrical engineers. 
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A./,D. Navigation Systems 


ENGINEERS — GPL achievements have opened a number of challen 


G al L DIVISION 


ging research and development opportunities. 
To be considered. for these career positions, send resume of previous experience to Personnel Director. 


Combining state-of-the-art equipment in 
several fields to create new and superior 
systems for aircraft and missile guidance 
is still another GPL capability. One case in 
point is GPL’s Astro-Inertial-Doppler A.I.D. 
navigation system—a stellar monitored, 
doppler tuned and damped inertial system — 
in which each element refines the others, 
and the system as a whole provides far 
greater inherent accuracies. 


A.I.D. and other combined guidance and 
integrated systems now under development 
at GPL are particularly significant because 
they utilize ex/sting systems and elements, 
existing components of proven reliability and 
accuracy, existing techniques for manufacture 
and maintenance. Yet continuing study 

of progress in the state of the art and 
continuing study of new system concepts 
keep these systems as advanced as the 
aircraft and missiles they will guide. 


Why not put GPL’s talents, and complete 
“‘research through customer service”’ 
facilities to work for you? 


GPL Avionic Division/airborne navigators/missile guidance/ 


radar/airborne computers/data handling systems/ 
communications equipment/infra-red/ closed-circuit TV, 


GENERAL PRECISION inc. 


PLEASANTVILLE, NEW YORK 
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manned aircraft and atmospheric 
missiles, AEDC has been able to 
gear its $300 million physical plant 
to the requirements of rockets and 
ballistic missiles in time to provide 
data on many pressing development 
problems. To further expand its 
ability to test rocket engines under 
simulated high-altitude conditions, 
AEDC will build a vertical rocket- 
engine test cell this year capable of 
handling a 200,000-lb-thrust engine 
at a simulated altitude of 140,000 
ft. It is also seeking $9 million for 
a new vertical cell capable of test- 
ing rocket engines up to 1.5-million- 
Ib thrust. 


ELECTRONICS 


e Molecular electronics, promising 
more wonders than Aladdin’s rustic 
lamp, took the public stage with 
authority last month.” This is the 
way to go for payoff in space acti- 
vities,” said Col. W. S. Heavner, 
AF program chief of WADC’s 
Electronics Technology Laboratory, 
at a recent Westinghouse showing 
of some 20 molectronic devices, 
certain of which were formed dur- 
ing the process of drawing the base 
semiconductor. 


Molecular electronics involves 
synthesizing solid-state effects, such 
as Seebeck generation and Peltier 
cooling, with p-n junctions in a 
single piece of semiconductor, such 
as a strip of germanium crystal. 
The domains and boundaries of 
these effects are produced in the 
semiconductor by doping, etching, 
plating, cutting, and other easily 
automated processes already com- 
mon to solid-state technology. 


e The sum of these effects is a de- 
sired function—amplification, filter- 
ing, switching, what have you— 
from the single piece of material 
with one set of leads. The internal 
functioning of the functional unit 
does not have a strict analog in 
circuit design with components. It 
is hardly necessary to comment on 
the lowering of size and weight of 
devices and the improvement in 
their reliability by this technique. 


¢ This method of electronic design 
and the automatic drawing and 
processing of thin uniform strips of 
semiconductor material has been 
solved in fundamentals at least by 
the Westinghouse research group, 
headed by S. W. Herwald. Other 
companies, such as Texas Instru- 
ments and RCA, appear not far 
behind. 


¢ The Air Force, which expects the 
major impact of molecular elec- 
tronics to hit industry in about three 


years, and to enter experimental 
space work long before that, pre- 
dicts that the new technology will 
drastically change the current pic- 
ture of electronic component and 
equipment design and manufacture. 
The Air Force will continue and 
expand Westinghouse’s pioneering 
program, back programs in other 
major companies—such as Texas In- 
struments, which will design and 
build an entire molelectronic digi- 
tal computer for the AF this year 
under a $1 million contract—and 
will spur industry-wide participa- 
tion in molecular electronic ad- 
vances through its operational re- 
quirements. 


e Harry Kihn of RCA Laboratories 
previewed this rapidly evolving 
technology in the May 1959 Astro- 
nautics, page 44. Missile Market 
(see page 88) comments further on 
recent developments. 


e Hughes Aircraft’s research lab- 
oratories turned a neat trick by de- 
vising a doped-silicon “solid-state 
ionization chamber” (p-n junction) 
the size of a pinhead that when 
struck by a nuclear particle emits 
a pulse which can be counted, 
measured, and analyzed as to spe- 
cies. The device, which should im- 
mediately improve on the perform- 
ance, size, ruggedness, and cost of 
present radiation detectors, will 
have wide application in nuclear 
power controls, cancer treatment, 
basic nuclear research, and space 
science. In particular, according 
to S. S. Friedland of Hughes, NASA 
officials are interested in a three- 
dimensional array of the devices 
for radiation-study satellites and 
probes to supplement or replace the 
planned ones with photographic 
plates, which require recovery. 
Properly instrumented, such an ar- 
ray would, by means of a telemetry 
system, give a continuous and im- 
mediately deciphered record of the 
radiation tracks through it. 


e Western Electric and Bell Labs 
announced that they are producing 
computer memory units based on 
the Twistor development. 


MATERIALS 


e A group of researchers under 
Herbert A. Pohl at Princeton Univ. 
has produced three different groups 
of thermoplastic semiconductors, 
including ones based on polyacry- 
lonitrile as early as last October. 
This is one material reportedly used 
in Russian experiments with plastic 
semiconductors. 


NBS scientists W. E. Reid and 
A. Brenner have developed a 


method of vapor-depositing high- 
purity tungsten on both simple and 
complex metal surfaces. The proc- 
ess involves reducing gaseous tung- 
sten hexafluoride with hydrogen by 
passing it over the heated object 
to be plated. 


INTERNATIONAL 


e Russian experimenters picked up 
their marbles and retired for rumi- 
nation after announcing that their 
second long-range shot into the 
Pacific, on January 20, was a suc- 
cess, having traveled 7762 miles to 
a point 1.24 miles from the calcu- 
lated target. Russian commentators 
did not spare the horses in predict- 
ing space feats in terms of this per- 
formance. Among them, A. A. 
Blagonravov at the COSPAR meet- 
ing (see page 25) said. “It is obvi- 
ous everything is being done so 
such a ballistic flight (to Mars) 
will be possible at the end of 1960, 
at a time when Mars will be rela- 
tively close to earth.” 


e The first rocket designed and 
made in Israel will be fired there 
some time this year for meteorologi- 
cal and cosmic-ray studies, accord- 
ing to Moshe Arens, president ot 
the Israel Astronautical Society. 
He also announced that the Society 
will soon start operating a satellite- 
tracking station located on the cam- 
pus of the Technion, on Mount 
Carmel. The station will use five 
powerful telescopes on loan from 
the Smithsonian Institute of Wash- 
ington, D.C., and will be manned 
by members of the Israel Civil 
Aviation Corps. 


e A 14-man Japanese mission team, 
headed by Yoshinaga Seki, presi- 
dent of Mitsubishi Electric, will 
visit the U.S. and Europe toward 
the end of March to survey rocket 
research, manufacturing, and opera- 
tional developments. The U.S. 
Government recently announced 
that it would assist Japan in rocket 
development. 


e The U.S. has “informally agreed” 
to supply rocket vehicles for six 
British satellite payloads, the first 
of which will be attempted late in 
1961. Most of the rockets will 
probably be four-stage Scouts, with 
a payload capability of 200 Ib. 
British satellite payloads will in- 
clude ion and electron studies to 
measure temperature and concen- 
trations of these particles in space, 
solar radiation studies and measure- 
ments of primary cosmic rays. The 
US. is also negotiating with several 
other countries on cooperative 
space ventures. 
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For the eyes of the Pentomic Army 


Advanced Honeywell 
will guide high-performance 


Smallest, lightest unaided inertial system will direct complex 


flight path over enemy territory for scanning, mapping and pinpointing 


targets, and return drones to recovery area. 


The new theories and techniques of warfare call 
for missions that can be carried out only by 
combat surveillance drones that are increasingly 
sophisticated and recoverable for use again and 
again. 

Under the guidance of the U. S. Army Signal 
Corps, Honeywell is providing for the newest of 
these unmanned aircraft the most advanced, ver- 
satile and accurate miniature inertial guidance 
system yet developed. The system enables pro- 
gramming to provide surveillance over several 
areas during each flight, and safe return of the 
drone to the recovery area. 

Although missions include reconnaissance and 
mapping, the most important is target pinpoint- 
ing. Here it is necessary that the inertial system 
of the drone be extremely precise, since the 
target-position information the drone gathers is 
utilized by the inertially-guided ballistic missile 
which is fired on the target. Honeywell achieves 
such precise performance characteristics through 


Inertial platform, heart of the inertial guid- 
ance system. This platform is the inertial 
reference and utilizes a highly precise 
GGs001 Honeywell gyroscope and GG116 
pulse-torqued accelerometer. 
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the use of an advanced miniature integrating 
gyro and pulse-torqued accelerometer. 

Both vehicles—the AN/USD-S5 (Fairchild En- 
gine and Airplane Company) and the AN/USD-4 
(Republic Aviation Corporation)—will accom- 
plish separate missions using virtually the same 
Honeywell inertial guidance equipment. The 
heart of this system was designed for adapta- 
bility to other navigation and_ stabilization 
requirements for Army surveillance, as well as 
to other inertial applications that include devel- 
opments for the Centaur Space Probe and the 
Bomarc Interceptor Missile. 

Honeywell’s program management approach 
and experience in development and production 
of similar equipment on several programs results 
in precise miniature inertial systems for less cost 
than is customary in the industry. For additional 
information on Honeywell’s background in in- 
ertial guidance and navigation, write to 
Honeywell, Minneapolis 8, Minnesota. 
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Miniature Inertial System 
e| surveillance drones 
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— path programmed for a typical advanced- 
fone mission is shown in this diagram. The Honey- H I] 
well miniature inertial guidance system will direct the one > we 


aircraft from launch to target and beyond, and back 


to recovery area without ground commands. H ( 
MONEY 
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From 


the patent office 


Method of Determining Trajectories 


In testing and developing missiles, 
it is necessary to determine how tra- 
jectories vary with changes in param- 
eters, such as missile shape, arrange- 
ment of control surfaces, and guidance 
means. Optical or radar techniques 
for trajectory determination are lim- 
ited in scope. The former are handi- 
‘sapped by adverse weather, and radar 
installations usually require that the 
missile under test carry bulky and ex- 
pensive transponder equipment. 

The patented method makes use of 
the interference phenomena between 
electromagnetic radiation which trav- 
els from the missile to receivers and 
radiation which is reflected to the re- 
ceivers. 

Signals of constant frequency and 
amplitude are sent from a radio trans- 
mitter on the missile. Located at a 
fixed point in space is the antenna of 
a conventional receiver. The antenna 
is located at a fixed distance above a 
flat reflecting surface on the ground 
or a body of water. The strength of 


the electromagnetic signal in relation 
to time is continuously recorded at 
three or more fixed stations. 

Shown in the accompanying dia- 
gram is a preferred arrangement if 
four antennas (S;, Ss, Ss, and S,) are 
used; “L” is the location from which 


RECEIVER s 
AND bd 
RECORDER 
EQUIPMENT 
Se L Ss, 
Ss 
2,907,028 


Plan view showing arrangement and 
location of receivers, and a_ block 
diagram of the system. 


By George F. McLaughlin 


the missile is launched in a direction 
toward S,. 

Apparatus for recording includes 
photographic means responsive to sig- 
nals for determining at least one ref- 
erence point of the trajectory at a 
known time during the initial period of 
missile flight. At that period, a first 
interference signal is recorded. Ree- 
ords of the early stages of the flight 
are made with fixed cameras or track- 
ing cameras. 

Standard photogrammetric reduc- 
tion procedures are then used to show 
the position of the missile in space as 
a function of time. Recordings of in- 
terference are made with a time base 
common to both interference and 
metric photographic recordings. This 
provides position in space and the in- 
terference record as a function of com- 
mon time. Correlation is made 
through this common time base. 


Patent No. 2,907,028. Apparatus 
for Trajectory Determination. Robert 
J. Stirton and George Leitmann, China 
Lake, Calif., assignors to the US. 
Navy. 


Jet-Powered Launcher for Missiles 


Applied for less than two years ago, 
this patent covers a novel method of 
launching missiles in order to reduce 
their size and cost. Involving  jet- 
powered rotors, the system raises a 
missile and launches it with spinning 
motion without flash and noise on the 
ground, Missiles may be kept hover- 
ing to facilitate aiming or other control 
operations impractical at high veloci- 
ties. 

The missile comprises the usual 
conical nose, cylindrical body, and 
thrust nozzle. The rotary launching 
craft has a tubular fuselage, its upper 
end open to receive the missile, and 
a tail cone at the lower end. Radially 
mounted at the top of the fuselage are 
propeller-supporting studs housing the 
electronic equipment of the launching 
vehicle. 

Rotatably mounted on the studs is 
a propeller head with a cam follower. 
When the follower is moved outward, 
it engages a cam securing the head to 
the stud and fuselage. When the 
head is moved, the cam and follower 
disengage, permitting angular move- 
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ment of the head with respect to the 
fuselage. 
Propeller blades are secured to the 


2,916,231 


Jet-driven propeller-bladed launching 
vehicle and missile as launched from 
the motor-driven clutch of the cata- 
pult. 


outer end of the head. Blades are hol- 
low, and store fuel for the jet engines 
installed at blade tips. Centrifugal 
force feeds fuel to the engines. 

Another basic part of the invention 
is the catapult. It has a rotatable 
chuck with a throat for receiving the 
fuselage of the launching craft. Cam 
lobes on the upper surface of the chuck 
are used for the engagement and easy 
discharge of the craft. The chuck is 
driven by a motor within a housing. 

In operation, the missile is inserted 
into the launching-craft fuselage. This 
assembly is placed in the catapult with 
the propeller lugs resting in the chuck 
lobes and the blades flat. When the 
motor is speeded up, the chuck and 
launcher are rotated at high speed. 
Centrifugal force moves the head out- 
ward, turning the blades to a lifting 
pitch. The launching craft and mis- 
sile rise, leaving the catapult. 

Following these procedures, the mis- 
sile leaves the launching craft by 
rocket power. The craft returns to 
earth under control for reuse. 


Patent No. 2,916,231. Missile 


Launching Device. Paul R. Gley, 
Saddle Brook, N.J. 
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Flight is moving into new regions, requiring new 
types of flight control systems. > > Today, General 
Electric’s Light Military Electronics Department 
builds autopilot and stabilization systems for such 
high performance aircraft as the Republic F-105 
and the McDonnell F4H. 

In development for your missile or space vehicle ap- 
plications are components and systems tolerant of 
extreme acceleration, shock temperature, and radia- 
tion... 400°C amplifiers . . . self-adaptive flight con- 
trols... reaction controls... advanced computers. .. 
pneumatic, hydraulic, and liquid metal control sys- 
tems... inertial navigation systems and components. 
Before you spend costly design time on your flight 
control system check with LMED. We can satisfy 
most of your needs from a wide range of integrated 
field-proven components — available on an off the 
@acme | shelf basis®. 

' The components and systems mentioned are only a 


Flight Control 
For All 
nvironments'* 


flight control for all environments 


A DEPARTMENT IN THE DEFEN 


REACTION © 


AERODYNAMIC AND 


few of the interesting new developments in LMED’s 
Armament and Control Section. More complete de- 
tails are available in brochure form—or better still 
—request one of our Sales Engineers to pay you a 
visit to explore your problems. 

For your copy of a new brochure, “Flight Control for 
All Environments”, write: Manager-Marketing, General 
Electric Company, Light Military Electronics Depart- 
ment, Armament and Control Section, Johnson City, N.Y. 
— Dept. 9A. 
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For the record 


Jan. 6—AF test-fires Atlas 5000 miles. 


Jan. 7—Navy tests new Polaris self-contained guid- 
ance system. 
Jan. 8—Soviet Union announces it will fire a series of 


Jan. 9—U.S.S.R., 


Jan. 


Jan. 


Jan. 


“more powerful rockets” into the Central Pacific 
starting Jan. 15, as part of its spaceflight pro- 
gram. 
Poland, and Czechoslovakia join 
COSPAR plan on basic space research. 
10—Government intelligence report predicts 1962 
as year Communist China will launch a satellite. 
13—Polaris carries dummy warhead 900 miles 
down Atlantic. 
—NASA decides to replace Saturn’s Titan 
second-stage with hydrogen rockets. 
14—President asks NASA Chief T. Keith Glennan 
to report on additional funds needed during 
fiscal 1961 “to accelerate superbooster program.” 


SOUTHWEST 


PLAIN TYPES ROD END 


© PATENTED U.S. A. 


World Rights Reserved 


CHARACTERISTICS 
ANALYSIS RECOMMENDED USE 


tai For types operating under high 
Stainless Steel Ball and Race temperature (800-1200 degrees F.). 


Chrome Alloy Steel Ball { For types operating under “44 radial 
and Race ultimate loads (3000-893,000 Ibs.). 
Bronze Race and Chrome { For types operating under normal loads 
Steel Ball with minimum friction requirements. 


Thousands in use. Backed by years of service life. Wide variety of 
Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in similar 
size range with externally or internally threaded shanks. Our Engi- 
neers welcome an opportunity of studying individual requirements 
and prescribing a type or types which will serve under your demand- 
ing conditions. Southwest can design special types to fit individual 
specifications. As a result of thorough study of different operating 
conditions, various steel alloys have been used to meet specific 
needs. Write for Engineering Manual No. 551. Address Dept. AST-60 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 


The month’s news in review 


—Thor achieves 1700-mile goal, using modified 
Thor motor with about 15,000 lb more thrust. 


—AF launches Javelin sounding rocket to 670- 
mile altitude. 


—AF reports recent firing of an Aerobee-Hi nose 
cone that points its instruments to study the sun. 


Jan. 15—Soviet Union agrees in principle to join Opera- 
tion Space Warn, international system for track- 
ing man-made space vehicles. 


Jan. 16—NASA 100-ft-diam plastic balloon inflates at 
250-mile altitude. 


Jan. 17—NRL announces development of Project 
Madre, a radar that bends over the horizon and 
provides extremely long ranges with relatively 
low power. 

—AEC discloses that Snap-III is still producing 
power after a year of continuous operation. 


Jan. IS—NASA’s R&D budget for fiscal 1961 is in- 
creased to $600 million from previous $325 mil- 
lion. 

—President nominates AF Assistant Secretary 
Joseph V. Charyk to be undersecretary. 


Jan. 20—Soviet Union fires multistage rocket 7762 miles 
and drops nose cone within one mile of its target 
in the Pacific. 


Jan. 21—Monkey Sam rides Mercury capsule to altitude 
of 9 miles in successful test of emergency-escape 
system. 


Jan. 22—ARDC and Westingtouse Electric demonstrate 
line of molecular electronics systems. 


Jan. 23—AF X-15 completes fourth powered flight. 


Jan. 26—Two Atlas’ fired from Vandenberg AFB and 
Cape Canaveral hit targets. 


Jan. 27—Lockheed unveils Agena engine that can be 

restarted in space to change the orbit of a satel- 
lite. 
—Polaris achieves its goal; Titan dies on pad; 
and Minuteman equipped with prototype con- 
trol and automatic pilot guidance system meets 
its test objectives. 


—NASA chief discloses plan to orbit 375-lb 
payload around moon this spring. 


Jan. 28—NASA submits its 10-year space program to 
Congress, calling for manned flight to the moon 
in the 1970's, 260 satellite launchings, and deep- 
space probes. 

—AF dedicates its Satellite Test Center at 
Sunnyvale, Calif. 


Jan. 30—Maj. Gen. John B. Medaris, 
mander, retires. 


AOMC com- 


Jan. 31—Soviet Union fires second missile into Pacific. 
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SOLVING PUZZLES TO POINT THE WAY The professional atmosphere and environ- 


ment maintained at Allied Research is in keeping with the responsibilities placed on this creative organization by 
Government and industry in solving complex problems ‘‘across the board” in both basic and advanced areas in the 
engineering and scientific fields. The company’s abilities and potentials are greatly enhanced by completely equipped 
laboratory, testing and production facilities. &§ Allied Research offers unusual capabilities to both Government 


agencies and industry with problems bordering on the frontier of knowledge in... Aerodynamics 
Applied Mechanics 
Aircraft Operations 

Chemistry 


Electronics and Instrumentation 
Geophysics 
Materia/s Research and Processes 
Meteorological Systems 
Nuclear Effects 

Physical Metallurgy 
Physics Research 
Propulsion 

Systems Engineering 
Vibration Engineering 
Weapon Systems Analysis 


To learn more 
about the career 
positions available 
to qualified 
scientists and 
engineers, forward 


These unusually broad 
capabilities have created 


outstanding career opportunities 
for those dedicated to 


your resume working on the frontier 
in complete of knowledge. 
confidence. A 


booklet describing 
Allied Research 
facilities and 
capabilities is 
also available 

on request. 


ALLIED RESEARCH ASSOCIATES, INC. 


43 LEON STREET, BOSTON, MASSACHUSETTS + GARRISON 7-2434 


A SUBSIDIARY OF VERTOL AIRCRAFT CORPORATION 
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Internationa 


Best laid schemes o’mice and 
men... In the last issue, a 
complete factual account of astronau- 
tics in the People’s Republic of China 
(Peking) and in the Republic of China 
(Taipei) was promised for this issue 
and succeeding issues. The “gang a- 
gley” in this case is not lack of factual 
material, but delay in obtaining accu- 
rate translations of material. For ex- 
ample, résumés of five excellent arti- 
cles from Taipei were rejected by the 
Air Attaché of the Republic of China 
Embassy in Washington, and the au- 
thors directed to supply complete 
translations, fully authenticated and 
approved by the appropriate experts 
in the Academy of Sciences. Similar 
difficulty has been experienced in ob- 
taining translations of material from 
the People’s Republic of China. Eng- 
lish abstracts of the articles have there- 
fore been abandoned in favor of ob- 
taining translations of the complete ar- 
ticles. 


A high degree of cooperation has 
been achieved between the UN’s 24- 
government Committee on the Peace- 
ful Uses of Outer Space and the IAF. 
In the field of the natural sciences, the 


scene 


IAF representatives to the Committee 
are Franco Fiorio, the Italian member 
of the committee, and T. M. Tabanera, 
the Argentinian member, while in the 
field of social sciences the IAF is rep- 
resented by Jacek Machowski (Coun- 
sellor, Permanent Mission of the Polish 
People’s Republic to the UN) and the 
writer. The 24 nations particinating 
have been advised of the desire of the 
IAF to furnish advisory Working 
Groups on all aspects of astronautics. 

The cooperation offered by the IAF 
is of a most distinguished order, as the 
work of organizing the IAF Interna- 
tional Academy of Astronautics has 
been completed by Theodore von Kar- 
man, and an organizing committee 
setup consisting of many of the great- 
est scientists from all parts of the 
world. 

In the field of the social sciences, 
work on the organization of the Insti- 
tute of Space Law of the IAF is largely 
completed by the circulation among 
committee members of the proposed 
statutes of the Institute, and the de- 
cision to include in the membership 
initially the more than 250 world-re- 
nowned lawyers who presently consti- 
tute the IAF Permanent Legal Com- 
mittee. This work has been done un- 


Titan Takes a Step 


Last month was a landmark in the Titan development, 
seeing the first firing of the 41-ft, 24-ton second-stage 
engine in the fifth successful launch of the flight-testing 


program. 
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Above, the second stage. 


By Andrew G. Haley 


der the leadership of Christopher 
Shawcross, Q. C. (UK), John Cobb 
Cooper (U.S.A.), Michel Smirmoff 
(Yugoslavia) , Robert Homburg 
(France), Fritz Gerlach (German 
Federal Republic), and the writer. 
The IAF is particularly fortunate in 
that, as a nongovernmental interna- 
tional organization, it has already 
achieved recognition by and affiliation 
with UNESCO, the International Tele- 
communication Union (ITU), and the 
UN Economic and Social Council 


(ECOSOC). 


2 


On the other side of the world, 
Olgierd Wolczek of the Institute for 
Nuclear Research in Warsaw _ reports 
that the Polish Astronautical Society 
now has seven branches—in Warsaw, 
Cracow, Katowice, Wrockaw, Lublin, 
Mielec, and Gdansk. Prof. Wolczek 
attributes this remarkable growth to 
the impetus given the cause of astro- 
nautics by the late vice-president of 
the IAF, K. Zarankiewicz. 


* 


Eugen Singer, with his usual 
patience and scientific excellence, has 
answered a document submitted to 
him by Vernon G. Leopold and A, L. 
Scafuri of the Special Committee on 
Space Law of the State Bar of Michi- 
gan, concerning their theory that the 
jurisdiction “touchstones” for UN space 
authority should be based upon “orbi- 
tal and superorbital spaceflight trajec- 
tories.” Dr. Singer points out that he 
is “a thorough layman in the field of 
jurisdiction” but that he is becoming 
steadily convinced that it is necessary 
to delegate “some of the functions of 
national sovereignty to international 
bodies.” Dr. Singer reviews the his- 
tory of jurisdiction relating to “air- 
space,” and states that nothing has 
caused him to change his opinion that 
the flying altitudes of aerodynamic and 
aerostatic vehicles cannot exceed 
roughly 35-50 miles, for physical 
reasons—hence “my opinion rendered 
in Hearing Report 1433 of the U.S. 
House Committee on Science and 
Astronautics to the effect that national 
air space should be limited to that al- 
titude.” 

Messrs. Leopold and Scafuri asked 
Dr. Singer the concrete question, 
“Does the proposed dichotomization of 
spaceflight into two broad categories, 

(CONTINUED ON PAGE 93) 
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One of the first to embark upon a research and Sand bace’s enatinas FURST 


development program tor Viton O-rings, Parker 
Seal Company now makes another significant Write for your free copy! 
advance in this versatile high temperature material 
by offering Viton O-rings in all A.N. or A.R.P. 
standard sizes. This means faster delivery and 
greater economy for all these popular O-ring sizes. 
It's another plus result of responsible leadership 


in O-ring engineering by Parker. 


arker SEAL COMPANY 


Culver City, California and Cleveland, Ohio 


A DIVISION OF PARKER-HANNIFIN CORPORATION 


...more than 24 pages of design 
data and sizes covering basic 
facts about Viton O-Rings. . 
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COVER: 


The National Radio Astronomy 
Observatory’s 85-ft-dish radio telescope, built 
by Blaw-Knox, reflects the new romance of 
radio astronomy in this multiple exposure 
catching its rotation through a_heavens- 


scanning arc (see page 33). (Full-color 
ASTRO cover plaques, 11 x 12 in., are avail- 
able from ARS Headquarters for $2.00 each.) 
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Documents of Distinction 


Like the sorcerer’s apprentice popularized by Disney, the modern 
space technologist finds himself all but submerged in a flood of 
printed matter ranging from space cadet manuals to unadorned 
differential equations. Spoken words on space pour over him from 
many sources. Every day at several places in the nation professional 
societies hold meetings, often with parallel sessions, vying with each 
other to embrace the omnifarious subjects of space technology. 

In these noisy circumstances, it behooves the members of the 
AMERICAN Rocket Society to speak only when they have something 
to say. The chairmen and members of our numerous technical com- 
mittees bear the responsibility for creating meetings only in response 
to a genuine need. After initiating a meeting they should insist on 
thorough (and prompt!) review of the submitted documents and 
accept only those judged sufficiently significant, sound, clear, and 
brief. This process will of course disappoint certain prospective 
authors, but it will earn the appreciation of many busy professionals 
who do not have time to refine the gold from the dross, and more 
importantly, it will earn for the ARS a deserved reputation for tech- 
nical excellence. 

We realize that execution of a policy of careful discrimination 
among scientific papers is difficult. Our less technical communica- 
tions with laymen, youths, and ARS luncheon guests must also be 
monitored to the credit of the Society. As Gilbert and Sullivan put 
it, “A policeman’s lot is not a happy one!” 
that discipline exercised by the technical committees and program 
chairmen will in the long run pay valuable dividends for the ARS. 


I am persuaded, however, 


Howard S. Seifert 
President, AMERICAN ROCKET SOCIETY 
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Radio interferometry 


This communication technique promises to meet one major 


challenge of space exploration—measuring distances with 


a precision of a fraction of a wavelength at stellar ranges 


Marcel J. E. Golay, born in Neuchatel, 
Switzerland, received an_ electrical 
engineer’s licentiate from the Federal 
Institute of Technology of Zurich in 
1924. After working for the Cable 
Dept. of Bell Telephone Laboratories 
from 1924 till 1928, he attended the 
Univ. of Chicago, where he received 
a Ph.D. in physics in 1931. Dr. 
Golay joined the U.S. Army Signal 
Corps Engineering Laboratories in 
1931, and there did research in under- 
water sound detection and IR, devel- 
oping the sound-ranging equipment 
used during WW ILI to locate large 
enemy guns; the Golay Pneumatic 
Radiation Detector; and radio relay 
equipment utilizing the Golay Delay 
Line. He also did research on in- 
formation and coding theory, and 
published some of the earliest work 
in this field. 

Dr. Golay left SCEL as chief sci- 
entist of the Materials and Compo- 
nents Dept. in 1955, and has since 
been a_ consultant to Philco and 
Perkin-Elmer. In recent years, he 
has invented the Golay Coils used in 
nuclear magnetic resonance work and 
the Golay Columns used in gas-liquid 
partition chromatography. 

The author of some 40 technical 
papers and holder of 15 patents, Dr. 
Golay is a member of many societies, 
including ARS. He was recipient of 
the Harry Diamond Memorial Award 
from IRE in 1951. 
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By Marcel J. E. Golay 


PHILCO RESEARCH DIV., PHILADELPHIA, PA. 


F WE sought the words which most closely characterized, or rather 

symptomized, the decades of the first half of this century, we could 
perhaps, and not without much controversy, establish some such list 
as: Ist decade ... PROGRESS; 2nd decade . . . DEMOCRACY; 
3rd decade ... MONEY; 4th decade ... AGGRESSION; 5th decade 
... ATOM. Less controversy would be encountered if we chose 
SPACE as the watchword of this century's sixth decade. This word 
epitomizes the physical accomplishment of escape from the gravita- 
tional attraction of the earth. But more than that the word, “Space,” 
evokes man’s eternal hope of reaching beyond—beyond the physical 
bonds of his immediate surroundings, and beyond the limits of his 
present knowledge. And, as do all rallying cries, this word connotes 
several concepts. 

To Euclid, space was that without which geometry could not be. 
To yesterday’s man in the street it meant just “room.” And today 
it means all outdoors beyond the stratosphere, be it the locale of an 
artificial satellite’s orbit, or interplanetary space, or interstellar space, 
or the intergalactic space which extends to the confines of our 
universe. 


The New Space 


To be sure, speculation about space accessible to man’s sight is 
as old as civilization. Now something has been added to our specu- 
lation, for rocket technology of the past decade has opened the thrill- 
ing possibility of sending exploring devices into this new-found 
space. Thus, to the man of today, space means physically accessible 
space in which we shall at first place devices which emit visible or 
radio signals, and eventually devices with which we shall have two- 
way communication. The first may be simple reflectors of the sun’s 
rays or emitters of continuous wave signals, such as the first Sputnik. 
The latter may be observing devices transmitting to ground stations 
astronomical or geographic observations, or they may be active or 
passive radio relay stations. 

It is about active radio relay stations that this article is concerned. 
Before examining the specific communication problems to be solved, 
certain aspects of the magnitudes involved should be considered, for 
these aspects reveal the curious side of the general problem dealt 
with here. 
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We know that escape from the earth’s gravita- 
tional field—whether it be partial escape for a satel- 
lite or total escape for an instrumented planetoid 
having its own solar orbit—is very expensive in terms 
of rocket thrust. What is not widely realized is the 
enormous increase in range which a little more thrust 
will permit us to achieve and, by the same token, 
the enormous increase in electronic sophistication 
which must also be achieved, if we wish to maintain 
radio contact with the vehicles we launch. 

Consider, for instance, the thrust requirements for 
a satellite on a circular orbit 700 km above the earth. 
Assuming a nonrotating earth without an atmos- 
phere—assumptions which introduce slight errors 
partially canceling each other—we calculate that we 
need an initial thrust of 8.1 km/sec, which will 
launch our satellite on an elliptical orbit with its 
apogee 700 km above the earth. A terminal impulse 
of only 0.2 km/sec given at the apogee will serve to 
prevent the satellite from falling back toward the 
earth. This small additional thrust will place the 
satellite in a new orbit, this time circular, 700 km 
above the earth. 


At Escape Velocity 


Now, at the other extreme, look at a vehicle 
launched with a velocity of 16.7 km/sec into a hyper- 
bolical orbit of escape with respect to earth. This 
vehicle will have a residual velocity of 12.4 km/sec 
with respect to the earth after it has substantially 
escaped our planet’s gravitational pull. And if this 
residual velocity is in the direction of the earth’s own 
velocity (30 km/sec) around the sun it can be added 
to that velocity for a total of 42.4 km/sec. This is 
just the impulse required to escape from the sun’s 
own gravitational field, when starting near the 
earth’s orbit. Thus, the 16.7 km/sec initial impulse 
at the earth’s surface is just that required for launch- 
ing our vehicle on interstellar travel within the Milky 
Way. 

There are several other interesting possibilities 
which are intermediate within these two extremes. 
A few of them have been listed in the table on page 
24. The first column of this table describes the orbit 
into which the vehicle is launched—satellitic, plane- 
toidal, or interstellar. The second column gives the 
total specific impulse required in kilometers per sec- 
ond, and the third gives the approximate ranges 
involved. 

The curious side of the problem dealt with here 
is revealed by that third column, for while the im- 
pulse data given in the second column represents a 
succession of moderate increments, the range incre- 
ments which can be noted in the third column are 
extraordinary. These figures serve us notice that the 
urgency of today’s propulsion problem may be re- 


Interferometric Ranges 


Planetoidal Interferometric Guidance 
and Tracking System 


Lunar Interferometric Guidance 
and Tracking System 
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placed with dramatic suddenness by the urgency of 
tomorrow's communication problem. 

It is also apparent from the third column of our 
table that three orders of range magnitude are under 
consideration: Satellitic, planetoidal, and interstel- 
lar. The first is handled with comparative ease with 
modern communication techniques while the re- 
wards offered at this time by the third appears 
hardly commensurate with the technical and human 
difficulties, especially when an experiment may ex- 
tend over several thousand generations. But a real 
challenge, with rewards commensurate with the dif- 
ficulties, is presented by the general problem of 
establishing communication with interplanetary 
vehicles. Within this general problem there are two 
generic tasks to be considered. 


Interplanetary Interferometric 
Guidance and Tracking System 


Interstellar Interferometric Tracking System 


The first task is the establishment of message 
transmission to, or from, a manned interplanetary 
spaceship making a journey to Venus or Mars. The 
second task is the establishment of communication 
with such a vehicle, or with an unmanned vehicle, to 
keep track of its range, and incidentally to obtain 
valuable quantitative data on our solar system. We 
shall now examine these two apparently different 
tasks and discover an interesting relationship be- 
tween them. 


One-Way Communication 


Consider first the establishment of message trans- 
mission to a spaceship. This one-way communica- 
tion will have to take place in a certain portion of the 
radio spectrum. S-band (10-cm wavelength) ap- 
pears to be the best choice because it is a compro- 
mise between the lower frequency radio waves, 
which propagate anomalously in the ionosphere, and 
the higher frequency waves, which are not ampli- 
fied as efficiently as the lower frequencies in even 
the best radio receivers. 

Now, we note that the relative velocity of the 
vehicle and earth stations may be as high as 10 km/ 
sec. The Doppler effect caused by this relative ve- 
locity will be rather large; for, if we divide this 
relative velocity by the wavelength of the signal 
radiation utilized (10 cm for S-band), we reach the 
conclusion that, when the vehicle recedes from the 
earth, the frequency of the earth-emitted signal will 
arrive at the vehicle with a frequency 100 kc lower 
than when emitted. 

We note secondly that the signals received by a 
planetoid nearly in opposition with respect to the 
sun have been enormously weakened by a travel of 
some 300,000,000 km. The communications engi- 
neer knows how to receive such weak signals when 
he knows also their exact frequency. He “narrow- 
bands” his receiver; that is, he makes his receiver 
sensitive to changes in the strength of the “carrier” 
signals which are very slow—of the order of a frac- 
tion of 1 cps. This is (CONTINUED ON PAGE 48) 


Line-of-Sight Range Jumps 


Total 
Impulse, Max. Line-of-Sight 
Orbit km/sec Range, km 

Circular 

700 km above earth 8.3 3000 

5000 km above earth 2.9 10,000 
Circular around sun e052 300,000,000 
Elliptical around sun 14.4 1,000,000,000 


Interstellar within our galaxy 16.7 100,000,000,000,000,000 
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Delegates at COSPAR’s opening session at Centre Universitaire Méditerranéen lend an attentive ear to the speakers. 


Report on COSPAR 


Dream of international cooperation in space research moves closer to 
reality at Nice meeting. . .250 delegates from twenty countries 


attend COSPAR-organized First International Space Science Symposium 


By Irwin Hersey 


N' FRANCE—The dream of international co- 100 papers in the course of the five-day meeting. 

operation in space research moved a step closer Meanwhile, at COSPAR sessions, delegates hacked 
to reality at the meeting of the Committee on Space out agreements on international cooperation in many 
Research (COSPAR) of the International Council of different areas, while informal conversations held in 
Scientific Unions and the First International Space the chilly corridors of the Centre Universitaire 
Science Symposium, organized by COSPAR, held Méditerranéen, where the meeting was held, and in 
here in January. the lobbies of Nice hotels, also centered primarily on 

The Symposium drew an attendance of 250 dele- cooperation in astronautical research activities. 

gates from 20 different countries, including the The 60-man American delegation to the meeting 
U.S.S.R. and Poland, who listened closely to almost was headed by Richard (CoNtTINUED ON PAGE 84) 


Harold Urey (left) uses a newspaper item to emphasize Jack Townsend of NASA takes a gander at the various 
his point via a translator to Anatoly A. Blagonravov. instrumentation seated in a Skylark rocket. 
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Hydrogen for the Space Age 


Rapidly approaching, the hydrogen-oxygen rocket, a dream of the 


rocket pioneers, will up the payload ante in many space vehicles 


By Richard J. Coar and Charles H. King Jr. 


PRATT & WHITNEY AIRCRAFT FLORIDA RESEARCH AND DEVELOPMENT CENTER, UNITED, FLA. 


om ELEMENT hydrogen has long been recognized as a rocket 

fuel with outstanding thermodynamic performance characteris- 
tics. Its high heat of reaction with all oxidizers, combined with 
the low average molecular weight of the reaction products, pro- 
duces specific impulses higher than chemical systems employing 
any other fuels. In addition, the high diffusivity and chemical 
reactivity of hydrogen and its high cooling capacity simplify prob- 
lems of injector and thrust-chamber design. Because the element 
has some less favorable characteristics, such as low boiling point 
(37 R) and low density (0.58 Ib/gal), it is necessary to study the 
payload capability of actual vehicles employing this fuel to evalu- 
ate its true worth. 

Perhaps the most immediate application of liquid hydrogen is in 
top stages on existing boosters, to improve the space payload 
capability. For example, when a third stage is placed on an as- 
sumed conventional two-stage vehicle, with resulting stage weight 
ratios of about 3, the use of hydrogen in the third stage increases 
the payload delivered to a 300-mile orbit by 10 per cent over 
that obtained with conventional propellants in the third stage. 
However, the hydrogen third stage delivers to a 24-hr orbit twice 
the payload afforded by conventional propellants in the third 
stage. 


Richard J. Coar and Charles H. King Jr. 
are members of the engineering team at F : 
Pratt & Whitney Aircraft’s Florida Re- Payload Improvement with Hydrogen Third Stage 


search and Development Center, Coar 
as chief engineer of advanced projects 
and King as a project engineer. Coar 
graduated from Tufts College in 1942 
with a degree in mechanical engineering, 
and joined Pratt & Whitney that year as 
a test engineer. He holds several pat- 
| ents in the fields of aircraft powerplants 
and controls, and has been prominent in 
| the development of some of P&WA’s 
advanced gas turbine projects. King, 
who was founding President of the ARS 
Connecticut Valley Section, graduated 
from MIT in 1941, and received a mas- 
ters degree in aeronautical engineering 
from CalTech in 1946. He joined United 
Aircraft’s research department in 1946, 
and was head of the combustion sec- 
tion of the department before transfer- 25 Ge 
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This emphasizes the payload gains possible for difficult missions by 
using high-energy propellants. Similarly, improvements in payload are 
possible when a hydrogen stage is used on top of existing single-stage 
vehicles. Moreover, the foregoing analysis assumed for the hydrogen 
stage a conservative I,, of 400 sec and twice the structural fraction used 
with the conventional-propellant stages to compensate for the low den- 
sity of liquid hydrogen. 

The fact that hydrogen upper stages can increase significantly the 
payload placed in orbit by existing boosters has been recognized by the 
National Aeronautics and Space Administration in planning their space 
vehicle program. In its space research, NASA plans to employ hydro- 
gen-fueled Centaur stages on the Atlas to boost a payload weighing 
more than 1500-lb into a 24-hr orbit. Only 750 Ib of payload could be 


boosted into the same orbit by a conventionally fueled stage on the 
same booster. 

Although the payload of existing boosters can be improved dramati- 
cally by using hydrogen upper stages, significant improvements in pay- 
load, or reduction in size and number of stages, are also possible by 
using hydrogen in all stages of a multistage vehicle, including the 
booster itself. For example, the payload which a 6-million-pound 
thrust four-stage vehicle can put into a 24-hr equatorial orbit increases 
from 25,000 Ib, when all stages are oxygen-hydrocarbon, to 90,000 Ib, 
if all stages are oxygen-hydrogen. It is also significant that a three-stage 
hydrogen-fueled vehicle will do essentially the same job as a vehicle 
with conventional booster and three hydrogen stages. 

These payload capabilities result from specific impulses almost 40 
per cent higher than those offered by conventional oxygen-hydrocarbon 
propellants, and this in spite of hydrogen’s low density and the attendant 
large tank volumes. For space missions requiring higher performance, 
nuclear rockets are the next practical step. (CONTINUED ON PAGE 76) 


Below left, the nation’s first 
major liquid hydrogen rocket 
engine, the 15,000-lb-thrust 
XLR-115, under development 
by Pratt & Whitney Aircraft’s 
Florida Research and Devel- 
opment Center for NASA. 


Above right, the engine is 
lowered onto a test stand at 
the development center. The 
long tube, into which it fires, 
creates a vacuum for starting 
operations. 
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An artist’s view of the 6-million-lb thrust 
test stand, for rocket engines of the 
Saturn and Nova class, being built at 


Edwards, AFB, Calif. 


Rocket test 


A problem in solution: 


stand challenge 


Produce a $10-million rocket test facility 


that meets state-of-the-art needs without becoming obsolete overnight 


Benjamin F. Rose Jr. is manager of 
Aetron. A_ graduate of the Univ. 
of Illinois with a degree in civil engi- 
neering and a registered mechanical 
and civil engineer in several states, he 
started his career with the Chicago 
Bridge and Iron Works; continued at 
Lockheed as chief planning engineer, 
responsible for integrating all prime 
factors essential to efficient project en- 
gineering; moved to Douglas as assist- 
ant plant manager, his work there in- 
cluding maintenance of production 
facilities and design and construction 
of new facilities; and finally joined 
Aerojet-General in 1947, where he has 
advanced steadily from design engi- 
neer to his present position, in which 
he has a major part in the direction of 
Aetron’s work in the architectural en- 
gineering and electronic fields. 
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By B. F. Rose Jr. 


AETRON, A DIVISION OF AEROJET-GENERAL CORP., COVINA, CALIF. 


_ Most dramatic concept of the Space Age, into which the first 

feeble steps have been taken, illustrates the toughest problem con- 
fronting the designer of a test facility. It is the continuously increas- 
ing acceleration of development and progress in practically every 
field of the physical sciences. 

And rocketry utilizes every field of the physical sciences. 

Capt. Edward V. Rickenbacker, Eastern Airlines board chairman, 
said recently: “Research into power sources, propellants, and other 
areas allied with the aeronautical sciences indicates that we will be 
able to accomplish more in the next 10 years than our industry has 
been able to achieve in the past 50 years of powered flight.” 

Again, Donald W. Douglas, Douglas Aircraft Co. board chair- 
man, said: “It is paradoxical that most long-range predictions made 
in past years about aircraft development ultimately turned out to be 
conservative. The rate of aeronautical-design progress . . . often con- 
founds the experts.” Even these statements may be conservative. 

One of the toughest problems in the rapid advance of rocketry can 
be defined at once: Design a 10-million-dollar test facility which 
will meet all the. present state-of-the-art requirements and which 
will not become obsolete overnight. 

In the design, development, and manufacture of rockets with their 
propulsion and guidance systems, achievements and objectives are 
strongly affected and sometimes controlled by two major factors— 
time and money. As clever as the rocket man may be, it is no reflec- 
tion upon his ability to say that it is impossible to design and manu- 
facture a successful rocket vehicle without exhaustive research and 
development testing. The complexity of the art is too great for an 
exclusively theoretical approach, and the costs of launching a missile 
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on a one-way trip to destruction before all possible 
information has been squeezed out of it is abso- 
lutely prohibitive. 

The static-testing facility has much to do with 
setting the pace of a rocket development program 
and determining its ultimate time and cost. Be- 
cause we know that the development program must 
shift and change with the results of almost every 
test, the knowledge and experience utilized in the 
design of rocket test facilities builds into them as 
much flexibility for adaptation, modification, or mul- 
tipurpose usage as possible. 


A Thwart to Versatility 


But the effort to incorporate versatility into a test 
facility is often thwarted by the planners who want 
a thus-and-so facility for a thus-and-so rocket. And 
in this business, while the customer is not always 
right, there is little room for argument. The recent 
and rapid trend toward greatly increased thrust, 
greater missile size, and unique configurations has 
added to the problem of versatility. However, this 
same trend has brought a ray of hope for cost reduc- 
tion, because test and launching activities may be 
combined in some instances in the same facility. 

In discussing the factors of test-stand design, the 
concept of an over-all test facility cannot be ignored. 
After all, a test stand is an instrument, huge though 
it may be—analogous perhaps to the probe of a vac- 
uum-tube voltmeter. Through its numerous umbil- 
ical ties to the instrumentation and control station 
are transmitted the data which comprise the whole 
objective of the test. A test stand is thus a part of 
a complex which includes the stand, control sta- 


tion, propellant storage and supply facilities, water 
systems, power systems, disposal systems, commun- 
ications systems, access roads, assembly shops, and 
a host of other supporting facilities. 

A consideration formerly overlooked in the design 
and planning of a test (CONTINUED ON PAGE 78) 


The modern high-thrust test stand challenges the facili- 
ty’s planner and engineer as he tries to keep step with 
rapid advances in rocketry. This high-thrust stand 
(above) and its master control room (below) at Aero- 
jet-General’s Liquid Rocket Plant in Sacramento, Calif., 
indicate the monumental size and complexity of the 
instrument which the test stand comprises. 
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Psycho-social problems 
of manned spaceflight 


Analysis of work done to date on human factors indicates 


the need for a full-scale study of the psychological, 


social, and sexual behavior of spaceship crew members 


By George A. Peters 


DOUGLAS AIRCRAFT CO., EL SEGUNDO, CALIF. 


George A. Peters, a human-factors 
research engineer at Douglas Air- 
craft, has had experience in the ap- 
plication of human-factors data to 
the engineering design of military 
weapons systems, both in the govern- 
ment service and as an industrial con- 
sultant. His six years of military serv- 
ice during WW II and the Korean 
conflict included duties as a person- 
nel psychologist, classification and as- 
signment officer, and construction en- 
gineer. He has done graduate work 
in both psychology and engineering, 
and has published approximately 150 
articles in various scientific journals, 
technical publications, and books. 


30 Astronautics / March 1960 


: jpoigen HAS been a great deal of controversy concerning the role 

that man will personally play in astronautic flight. Some con- 
sider the manning of spacecraft as an expensive luxury, since they 
feel that man’s function could be performed more economically 
with specially designed automatic equipment. Others describe the 
comparative advantages of man’s ability to make unrehearsed ob- 
servations and decisions, to function effectively in rather ambiguous 
perceptual situations, to draw upon and use an immense existing 
data-storage capability, and to adapt or change his mind as the 
circumstances dictate. 

Undoubtedly, as the capability for spaceflight increases, the rela- 
tive advantages of man as an integral component of the spacecraft 
will be utilized in some of the variety of space projects which can 
be envisioned. He will probably find useful roles in flight manage- 
ment, scientific observation, maintenance and repair, reliability 
override, redundancy, or adjustment functions; special tasks such as 
the assembly of space stations, or merely to save the weight, cost, 
and development time of certain complex or highly specialized 
equipment. 

If man is to perform some useful astronautical functions, we might 
ask whether any unique human problems might be anticipated from 
man’s projection into the space environment. Now and again it has 
been stated that no particularly insurmountable problems should 
be expected. However, we might ask why there is a tendency to 
think that the manning of space vehicles would not constitute a 
major problem? Perhaps it might be for these reasons. 

1. There always seems to be a general tendency to overestimate 
man’s ability to adjust and make compensations for things which 
are not quite optimum. 

2. Human limits or tolerances are usually defined in terms of only 
one variable at a time (i.e., temperature, g-loadings, vibration, iso- 
lation, etc.). Research investigations typically involve the manipu- 
lation of only one variable at a time and only rarely investigate 
interaction effects. Such a situation is not likely to occur in space- 
flight. 

3. Inferences regarding human reactions to spaceflight are often 
made from studies on human isolation, survival, and sensory de- 
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Man-Machine Interaction in Manned Spaceflight 


privation where the subjects know they are not 
facing any real danger, can stop the experiment 
when they wish, know what the outcome will be, 
have emergency aid on standby, and are not sub- 
jected to multiple stresses, or are exposed for rela- 
tively short periods. But, despite such unrealistic 
simulations of spaceflight conditions, the evidence 
from most of these studies is hardly optimistic in 
regard to human reaction to spaceflight conditions. 

4. Statements regarding manned space vehicles 
often refer to vehicles of relatively short flight dura- 
tion, such as first-generation maneuverable and re- 
coverable orbital vehicles. However, the problems 
may be quite different for crews involved in long, 
uneventful spaceflights or residing for long periods 
in inhabited space stations (i.e., a type of close con- 
finement with minimal environmental variety or 
activity). Astronauts involved in such tasks as the 
orbital sweeping of astronautical derelicts or active 
monitoring of a radio or TV satellite could, con- 


A fanciful view of chemotherapeutic control of sexual 
drive in manned space missions. 


ceivably, be considered exposed to a radically dif- 
ferent space environment—one involving close con- 
finement and constant vigilance and activity. 

It is now generally accepted that the immediate 
environment can markedly influence the behavior 
and thoughts of even the most normal individuals. 
This was dramatically evident in Korean War brain- 
washings (hsi-nao) and propaganda confessions. 
And we should remember that when brainwashing 
phenomena first occurred, military officials were 
quick to denounce it as an unforgivable weakness 
We now know that such break- 
downs can occur to various degrees in almost any- 


and even treason. 


one, given the right situation. 
What Psychological Catalysts? 


What are some of the precipitating factors in the 

space environment which could possibly induce un- 
usual or extreme human reactions? 
The 
internal environment of the space vehicle will un- 
doubtedly remain a compromise between the psy- 
chophysiological (human) needs of the passengers 
and the structural or engineering requirements. 

Then, any nonoptimal environmental condition 
imposed on a man-machine system can be inter- 


First we might make a general distinction. 


preted as a stress. In the space environment there 
will probably be a far greater number of stresses 
than have ever been imposed upon man _ before— 
noise and vibration, g-loadings, “artificial” gravity 
or some weightlessness, ionizing radiation, fear, 
states of alert, close confinement over long periods, 
use of reclaimed water and special foods, a recycled 
atmosphere, odors, temperature and humidity 
changes, restrictions as to (CONTINUED ON PAGE 89) 
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The first of its kind in Russia, this 
22-meter mobile radio telescope, 
recently completed at 
Physics Institute near Moscow, will 
be used to study the moon, sun, 


and planets. 


U.S.S.R.’s new 
radio telescope 


Lebedev 


The first maneuverable radio telescope in the Soviet Union 


will soon be linked with a giant one for intergalactic studies 


bgp RADIO astronomical station of the Lebedev 

Physics Institute, U.S.S.R. Academy of Sciences, 
is a few hours ride from Moscow. There are no 
factories or other industrial facilities in its neighbor- 
hood. The site has deliberately been so chosen to 
avoid possible interference in the operation of ex- 
tremely sensitive instruments. 

Progress in radio astronomy calls for increasingly 
large radio telescopes, including adjustable types 
with parabolic mirror antennas, which may be 
solid, mesh, or trellis metal constructions whose 
surface reflects radio waves. There are a few large 
mirror radio telescopes abroad at the present time. 


However, all of them can only receive radio waves 
a few centimeters long. The largest is installed at 
Jodrell Bank, England. 

The first telescope of the adjustable type in the 
Soviet Union has recently been built and is being 
fieldtested at the Lebedev Institute’s station. 

It has taken a group of the Institute’s researchers, 
headed by Senior Researcher A. E. Salomonovich 
(M.Sc., physics and mathematics) and P. D. Kala- 
chev, chief designer of the radio telescope, a few 
years to develop this telescope. The engineering 
and manufacturing side of the project was done by 
a number of designing (CONTINUED ON PAGE 89) 


Engineers Georgy Basistov (left) 
and Nikolai Amenitsky man _ the 
central control board in the main 
cabin of the radio telescope. 
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The range, precision, 


and versatility of 


Left, the National Radio Astron- 
omy Observatory’s radio telescope 
nestles in Deer Creek Valley near 
Green Bank, protected from winds 
and extraneous radio noise by sur- 
rounding 4000-ft-high rolling hills. 
Associated Universities Inc. oper- 
ates NRAO for the National Sci- 
ence Foundation. 


Billion light years 
into space 


the National Radio 


Astronomy Observatory’s radio telescope broadens space exploration 


I RECENT MONTHS, the radio telescope has been 

receiving due attention as a means for space 
exploration. A prime example of the radio tele- 
scope in this country is the National Radio Astron- 
omy Observatory’s instrument at Green Bank, 
W. Va. Designed and built by Blaw-Knox Co. of 
Blawnox, Pa., the NRAO radio telescope features an 
85-ft dish antenna and associated equipment that 
give it a reach into space of at least a billion light 
years. Refinements in its receiving equipment will 
extend this range possibly an order of magnitude 
in coming years. 

The 85-ft NRAO telescope and its associated re- 


A four-post telescopic elevator permits 
electronics technicians to change or re- 
pair receiving equipment in the focal 
point of the telescope, which for this 
servicing focuses on the southeastern 
horizon. 


ceivers has already been used to study the moon, our 
nearer planets, and central regions of our own gal- 
axy, and to observe galaxies very distant from ours. 

For instance, recent observations on Jupiter have 
shown that this planet radiates more power at wave- 
lengths between 10- and 70-cm than can reasonably 
be explained by assuming that it is just a hot body. 
A likely explanation of the high radiation from 
Jupiter is that, just as on earth, there are belts of 
trapped high-energy particles in its outer atmos- 
phere. These belts would have to be much larger 
than the earth’s and contain many more particles. 

Also, a detailed map has (CONTINUED ON PAGE 86 ) 
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Making a high-thrust rocket chamber 


Novel design and construction features characterize the high-thrust 


liquid rocket chamber developed by NASA's Lewis Research Center 


AS PART of its program to advance the state of the 

art of liquid rocket engines for space vehicles, 
NASA’s Lewis Research Center, and in particular 
the Rocket Engines Branch headed by John L. 
Sloop, some time ago conceived and designed a 
novel thrust chamber that promised to be extremely 
light for its size and strength and to provide excep- 
tional design flexibility with high-energy propel- 
lants. Solar Aircraft Co. of San Diego, Calif., is now 
manufacturing this chamber, applying and develop- 
ing new approaches to fabrication and materials 
demanded by the design. 

The design concept involves a large number 
(180) of parallel regenerative-cooling channels run- 
ning from a central fuel manifold at the chamber 
neck down to the extremity of the nozzle skirt and 
then back up through the same number of channels 
to the injector head. The channels are of sheet 
metal, yet they allow precise control of coolant area. 

Designed for a thrust range of 13,000 to 20,000 
lb, the chamber as presently manufactured weighs 
about 90 Ib and stands about 5 ft high, measuring 
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39 in. in diam at the skirt, 7.8 in. at the throat, and 
10.5 in. at the head. 

The fabrication techniques that have made this 
chamber possible are interesting. Moreover, in the 
course of work on the chambers, numerous advance- 
ments have been made in the areas of precision 
component forming, assembly methods, electro- 
grinding, ribbon forming, stretch wrapping, and 
spacer buildup. Interesting new applications are 
being made in multiple brazing techniques and 
cycling. 


Fabrication Procedure 


In fabricating the chambers, 360 straight strips of 
(0.008 in. AM350 stainless-steel sheet are blanked out 
and then formed and sized into a “U” channel in one 
operation on a one-piece die representing the angu- 
lar segment of the engine. 

Following this operation, 180 of these channels 
are assembled on a stainless-steel mandrel that has 


Far left, racking U-channels on de- 
sign-shaped mandrel. Left, apply- 
ing some of the 100,000 spot welds, 
which go on in a specific pattern 
to insure close fit and dimensional 
tolerances. 


F 
be 


Following grinding, on same lathe, ribbon-wra 


been cast and machine-contoured to the desired 
chamber configuration. Then, 180 more channels 
are joined piggyback at the neck of the hourglass- 
shaped chamber and gradually fed into a skirt with 
the other 180. 

The channels are racked, with the open side fac- 
ing out, through the use of notched clamping de- 
vices, and then are joined with approximately 100,- 
000 spot welds. The welds are easily and quickly 
applied in a specific pattern to insure close fit-up 
and hold dimensional and configuration require- 
ments. The assembly is annealed in a hydrogen at- 
mosphere to hot-size the channels to the exact shape 
of the mandrel. The channels are then sized and 
electroground on a special lathe to specified heights 
along the entire chamber length. This precision 
grinding provides the accurate coolant-passage 
geometry necessary to the design concept. 


At right, the wrapped assembly is 
sprayed with additional copper 
brazing filler to provide an external 
seal on the interlocked ribbons. 
Far right, the chamber emerges 
from Solar Aircraft furnace at end 
of the brazing cycle. 


and copper brazing alloy are fed in strips onto the turning chamber. 


Following the grinding, while still on the lathe, 
the chamber is wrapped tightly with approximately 
2650 ft of 0.008 in. AM350 stainless-steel ribbon. 
This ribbon, along with a copper brazing ribbon, is 
fed automatically around the chamber from a spool 
geared to the revolutions of the lathe. 


External Sealing 


Following the wrapping, additional copper braze 
filler is sprayed onto the chamber to provide external 


sealing of interlocked ribbons. The chamber is then 


ready for brazing, which will integrate the wrapping 
and channels into tubelike fuel passages. 

A large, 600-kw elevator-type furnace with multi- 
ple zone control is used for the brazing operation. 
This is done in a welded (CONTINUED ON PAGE 44) 
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Fuel cells for space vehicles 


The closed-cycle, regenerative fuel cell shows potential as a 


long-running, high-efficiency power source for space applications 


M. G. Del Duca, 
a member of 
TRW’s Advanced 
Systems Analysis 
Group, received a 
B.S. from the 
Univ. of Notre 
Dame in 1950 
, and a Ph.D. in 
: physics from 
a Western Reserve 
Univ. in 1956. 
From 1956-58, when he joined TRW, 
Dr. Del Duca was an aeronautical re- 
search scientist with NACA, where his 
work included theoretical and experi- 
mental research in mechanics of solids 
and ionic phenomena associated with the 
upper atmosphere. 


¢ 


J. M. Fuscoe is 
Systems Engineer 
for the develop- 
ment of a regen- 
erative fuel-cell 
system at TRW, 
where he has also 
worked on solid- 
propellant APU’s, 
liquid-metal heat 
transfer, change- 
of-phase energy 
storage, and high-temperature insulators. 
Previously, after receiving a B.S. in 
chemical engineering from North Caro- 
lina State College and serving in the 
Army as an electronics and radar _in- 
structor, he did rocket engine system 
analysis at Rocketdyne. 


T. A. Johnston 
joined TRW in 
1950 after receiv- 
ing a B.S. in 
chemical engi- 
neering from 
Case Institute of 
Technology, and 
in 1959 became 
head of the Space 
Power Systems 
Group of its Re- 
search and Engineering Requirements 
Dept. His background includes various 
work on fuels and nuclear reactors. In 
1956 he worked for the Gilbert Tramer 
Co. on the design of special chemical 
processing equipment, and he is a 1958 
graduate of the Oak Ridge School of 
Reactor Technology. 
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By M. G. Del Duca, J. M. Fuscoe, and T. A. Johnston 


THOMPSON RAMO WOOLDRIDGE, INC., CLEVELAND, OHIO 


M** PROBLEMS Still remain to be solved before interplanetary 
space exploration becomes a reality. One problem is the 
development of efficient, low-weight electric power units to drive 
subsystems in space vehicles. There are many types of indirect 
and direct conversion units for generation of electric power. We 
are primarily concerned here with one type of direct conversion 
unit, the fuel cell. 

A fuel cell is a device which converts chemical to electrical 
energy. It differs from the common battery in that the cell 
reactants are not stored within the cell but are continuously fed 
to the cell from the outside. The products of the electrochemical 
reactions occurring within the cell may easily be collected and 
regenerated by addition of energy from some external source. 
The regenerated reactants can then be recycled to the fuel cell, 
thus giving a closed-cycle system. 

The closed-cycle fuel cell shows great potential as a long- 
duration, high-efficiency power generating system for space ap- 
plications. In particular, a nuclear regenerative fuel-cell system 
for small powers looks attractive, since it may meet other require- 
ments for space systems, e.g., low specific weight and volume. 


Dynamics of the Fuel-Cell System 


To begin, let’s look at a fuel-cell system, as shown schematically 
for instance at the top of the opposite page, with the reactants a 
liquid metal and a gas. The gas and liquid metal react in the cell 
(eutectic of the metal salts as electrolyte ), releasing heat and gen- 
erating a potential across the metal and gas electrodes. The reac- 
tion products disperse in the electrolyte, and this mixture is 
pumped into a decomposition chamber where the products are 
dissociated to the reactant fuels by application of energy from an 
external source. The reactants and the electrolyte, on leaving the 
dissociation chamber, enter a separator where the gas is separated 
from the regenerated fuel-electrolyte mixture. The metal-electro- 
lvte mixture is subsequentiy cooled to cell operating temperature 
by cycling through a suitable heat exchanger and then pumped 
through a liquid separator. Liquid metal, electrolyte, and gas 
are then separately recycled through the cell. 

The basic components required in a regenerative, closed-cycle 
power conversion unit utilizing an electrochemical fuel cell must’ 
thus include a fuel cell, energy source for regeneration, dissocia- 
tion chamber (regeneration of react- (CONTINUED ON PAGE 38) 
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NUCLEAR REGENERATIVE LITHIUM HYDRIDE FUEL CELL SYSTEM 
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Components and Characteristics 


For a 550-Watt, 28-V Performance on 11 Percent Thermal-Electric Conversion Efficiency 


Fuel Cell Flow rate into fuel regeneration 
Electrolyte lithium chloride-lithium chamber 14.8 lb/hr 
fluoride eutectic 
H 
Total weight (dry) 120 Ib eat Exchanger 
Total weight (with cooling fluids) 158 Ib Type concentric tube counterflow 
Volume 720 cu in. arrangement 
Open circuit voltage 0.6v Outside tube diameter 1, in. 
Operating cell voltage 0.45 v Inside tube diameter ‘ig in. 
| Heat rejection 6700 Btu/hr Effectiveness 96 percent 
Surface area 95 sq in. Outlet temperature 836C 
Operating temperature 500 C Weight 0.6 Ib 
Flow Rates of Constituents into Cell: Pump 
Lithium 0.7 Ib/hr 
Hydrogen 0.1 Ib/hr Type electromagnetic 
Electrolyte 14 lb/hr Weight 8 Ib 
; Energy and Source and Fuel Regeneration Chamber Controls 
Isotope cerium-144 Type voltage regulator 
Heat supplied to dissociation chamber 10,800 Btu/hr Weight 20 Ib 
Estimated cost of isotope $950,000/yr s t 
Weight of energy source 56 Ib SERIE 
Size of energy source 4 in. daim~ 8 in. diam Type centrifugal 
Fuel regeneration temperature 850 C Weight 1 Ib 
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Fuel Cells for Space Vehicles 
( CONTINUED FROM PAGE 36) 


ants), separators, heat exchanger and/ 
or radiator, and controls. The fuel cell 
may utilize gaseous or liquid reactants. 
Hydrox cells and Os as react- 
ants), for example, utilize gaseous 
fuels at both electrodes, whereas other 
cells consist of gas electrode-liquid 
electrode combinations. Both liquid 
and fused-solid electrolytes may be 
used, depending upon the tempera- 
ture at which the cell is operated, 
the specific cell reaction, and the 
physical state of the reactants. 

Since electrochemical reactions pro- 
duce heat, it is necessary to control 
fuel-cell temperature. This may be 
accomplished by designing a cell with 
sufficient radiative area. However, in 
certain systems a separate radiator 
must be provided. 

Fuels can be regenerated by sev- 
eral methods—thermal, photochemical, 
electrolytic, and radiochemical. The 
selection of an optimum method of re- 
generation is controlled in part by the 
electrochemical system utilized. For 
example, a nuclear reactor may be 
used as a heat source if optimum re- 
generation of the selected electro- 
chemical system is by thermal means. 
(In nuclear regenerative systems, 
either quantum or thermal regenera- 
tion of chemical reactants may be 
considered. ) 

In closed-cycle operation, separa- 
tion of fuel-cell products is required, 
and the selection of separator design 
for a specific system is obviously con- 
trolled by the nature of products. 
Thus, separators to be considered may 
be liquid-liquid, solid-liquid, gas- 
liquid, gas-gas, gas-solid, or solid-solid, 
again depending on the specific sys- 
tem. Choice of a regenerative closed- 
cycle system must consider both the 
chemical and physical properties of 
the reactants and products; and_par- 
ticular emphasis must be placed upon 
the separability of components, since 
the efficiency of the closed-cycle sys- 
tem is obviously related to this 
parameter. 


SCHEMATIC OF A HYDROX FUEL CELL 
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Since the cell potential is a direct 
function of temperature, concentra- 
tion of fuels at the electrode, and the 
internal resistance, controls must regu- 
late output, provide optimum flow of 
reactants to electrodes, and reduce 
cell temperature fluctuation. In 
selecting and optimizing regenerative 
fuel-cell systems for space vehicles, 
many factors must be taken into con- 
sideration which are of little or no im- 
portance for earthbound applications. 
Paramount among these considerations 
are system weight, reliability, and 
space environment, the last particu- 
larly as it affects weight and reliability. 

In most regenerative systems, the 
significant weights will be associated 
with the fuel cell itself. This weight 
in general is directly proportional to 
the limiting electrode area required 
to achieve the necessary power level. 
Thus, systems which have inherently 
low limiting current densities, result- 
ing in high electrode areas, will ap- 
pear less attractive for most space ap- 
plications. Similarly, since all heat 
rejection in space must be by radia- 
tion, those systems having high heat- 
rejection temperatures and high ther- 
mal-to-electrical efficiencies appear 
most promising. 


Favored Reactants 


In considering system flow and in- 
ventory weights, it is apparent from 
Faraday’s Law that those reactants 
will be favored which have the lowest 
equivalent weights. For space sys- 
tems, specific volumes are directly 
translatable to skin and _ structure 
weights. Also, limitations in packag- 
ing densities for each system must be 
given consideration. 

Assuming that maintenance — of 
space systems will not be feasible dur- 
ing operation, the selection of com- 
ponents and reactants must be made 
to assure maximum reliability. Of 
prime importance, then, are reactants 
and electrolytes which have accept- 
able noncorrosive properties. Com- 
plexity may eliminate many fuel-cell 
systems involving dual cycles, since 
these types pose sensitive control sit- 
uations. Similarly, in the fuel cell 
itself simplicity of cell electrochemis- 
try and reactant regeneration favor the 
selection of simple ionic reactants. 

Reliability considerations dictate se- 
lection of those systems having a mini- 
mum number of parts subject to wear, 
fatigue, or seizing. Where possible, 
therefore, selection of components hav- 
ing no moving parts and hermetically 
sealed systems are to be preferred. 

For satellite applications, variations 
in vehicle skin temperature will occur 
due to the space environment. These 
must be taken into consideration in 
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heat-balance system design. It is 
highly desirable to incorporate a con- 
trol system that enables the heat 
source and power conversion system 
to seek a constant temperature level 
and temperature gradient for the 
package. 

For a fuel cell operating under re- 
duced- or zero-gravity conditions, nu- 
merous other problem areas must be 
taken into consideration—sealing, elec- 
trode reaction, electrode interface sta- 
bility, fluid-condensing and __heat- 
transfer characteristics, transport of 
fluids, polarization, etc. 

The starting procedure for the fuel 
cell unit is a separate design problem. 
Orbital starting would incorporate re- 
motely controlled or delayed starting 
techniques. Ground starting and 
launch conditions will influence the 
ability of the fuel-cell power unit to 
operate during vehicle acceleration 
through the atmosphere. Accelera- 
tion will introduce additional g-loads 
on the entire system. Orientation of 
the system to withstand required longi- 
tudinal and transverse loading as well 
as vibration, etc. must be incorporated 
early in a system design. During 
launching, the aerodynamic conditions 
may cause a wide variation in critical 
component temperature; for example, 
that of the radiator, which, if not con- 
trolled, could be detrimental to the 
cycle and fuel-cell system operation. 
To reduce transient phenomena and 
simplify the system control, it may be 
desirable to limit pressures and tem- 
peratures to the neighborhood of the 
design values. 

These are merely a few of the spe- 
cial considerations affecting the de- 
sign of regenerative fuel cells for space 
vehicles. Let us now turn to a more 
detailed analysis of each component 
and its associated problem areas. 

In the fuel cell itself, the chemical 
energy associated with the reaction of 
fuels is not first degraded to heat as 
in heat engines; therefore, fuel cells 
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He smashed the 
sound-in-water 
barrier 


Because its energy passes only 
through air, radar can pick up tar- 
gets hundreds of miles away. The 
ocean isn’t so cooperative: water 
rapidly absorbs all types of energy. 
How do you breach this barrier to 
produce a really long-range under- 
water surveillance system? 

This AMF Anti-Submarine War- 
fare Specialist set his underwater 
sights on a range far over 100 times 
that of sonar. A conventional instal- 
lation able to accomplish this would 
be prohibitively big and expensive. 
So, he came up with a completely 
new method. A 6’ x 12’ unit puts a 
megawatt of power into the water 
with 100 times the weight efficiency 
of existing techniques and at a frac- 
tion of the cost. The name of this 
new system is AMFAR, for which a 
proposal has now been submitted to 
the Navy for consideration. 


Single Command Concept 


This contribution to the free 
world’s defense is one more-example 
of AMF’s resourcefulness. 


AMF people are organized in a 
single operational unit offering a 
wide range of engineering and pro- 
duction capabilities. Its purpose: to 
accept assignments at any stage 
from concept through development, 
production, and service training... 
and to complete them faster...in 
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¢ Space Environment Equipment 
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are not restricted by Carnot-cycle effi- 
ciencies. 

The table below lists various elec- 
trode systems, several of which can be 
utilized in fuel cells for space vehicles. 


ELECTRODE 
SYSTEMS 


Metal, metal ion 


EXAMPLE 
Cu; Cur * 
Inert electrode, non- Platinum, lb, I— 
metal in solution, ion 
Inert electrode, ions of Platinum, Fe * * *, Fe* * 
different valence 
Inert electrode, gas,ion Graphite, H* 
Inert electrode, neutral Graphite, CsHi(OHo)» 
solution in different 
states of oxidation 
Amalgam electrode, (Cd Hg), Cd** 
ion 
Electrode, insoluble salt Ag, AgCl, Cl— 
or oxide, ion 


One specific system with space appli- 
cation is the hydrox cell. This cell, 
diagramed on page 38, utilizes an elec- 
trode system of the inert electrode- 
gas-ion type and hydrogen and oxygen 
gases as reactants. Oxygen and hy- 
drogen gas are fed through porous 
electrodes to the electrolyte-electrode 
interface where the reaction occurs. 
The water formed in the electrolyte 
must be removed in a_ closed-cycle 
operation. The reactants, H. and Ong, 
can be regenerated by either thermal 
or quantum energy. Also, electro- 
lytic regeneration is possible, even 
though this method is highly in- 
efficient. 


Choice of Energy 


The choice of the type of external 
energy source in closed-cycle systems 
is controlled by the particular cell re- 
action utilized in the cycle. The re- 
action between lithium and hydrogen, 
for example, shows great potential in 
closed-cycle systems where the ex- 
ternal source is thermal. 

This system suggests the use of a 
nuclear heat source to regenerate the 
lithium and hydrogen. For long op- 
erating times, the nuclear reactor and 
radioisotopes both appear attractive. 
The type of reactor for this applica- 
tion must be compact, lightweight, and 
capable of high-temperature operation. 
The requirement of high-temperature 
operation is necessitated by the heat 
sink, which rejects heat by radiation, 
and by the high-temperature require- 
ments of the fuel cell. Furthermore, 
the reactor should be reliable enough 
to function through the life of the 
mission. Energy sources required for 
radiochemical regeneration have re- 
ceived only limited considerations by 
investigators because of the low effi- 
ciencies associated with these proc- 
esses. (Rosenblum cf NASA has con- 
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sidered the use of a hydrox fuel cell 
with a radioactive isotope, such as the 
alpha emitter P,,2""(t!/. = 138 days), 
as the energy source.) Photochemical 
and electrolytic energy sources have 
received some attention, but they are 
limited by low efficiencies. 

The utilization of a heat exchanger 
in a closed-cycle fuel-cell system oper- 
ating with cell temperatures appreci- 
ably less than the dissociation tempera- 
ture is a very attractive possibility. 
For systems utilizing working fluids 
with high heat-transfer coefficients, al- 
most complete heat exchange can take 
place with very little penalty in 
weight. This will result in lowering 
power requirements for the heat 
source, since the heat transferred in 
the heat exchanger can be utilized to 
further regenerate cell reactants. 

The heat exchanger can be an array 
of concentric tubes arranged — for 
counterflow. This is generally appli- 
cable where liquid-liquid heat-transfer 
systems are involved and high heat- 
transfer coefficients are available. For 
gas-gas or gas-liquid systems, heat- 
transfer coefficients are small, and 
large-area, compact heat-exchanger 
designs should be employed. 

The design of the regenerator must 
consider the kinetics of the dissocia- 
tion of the cell products. Thus, con- 
sideration of temperature, pressure, 
catalytic activity of materials utilized 
and most effective geometries must be 
taken into account. The interdepend- 
ence of the dissociation kinetics with 
the choice of the specific energy 
source used for regeneration is readily 
evident. 

To minimize the system total vol- 
ume and weight, it is desirable to have 
the regenerator serve as an integral 
part of the energy source. With nu- 
clear reactors, however, the integral 
arrangement may not be feasible if 
the required regenerator materials 
have high nuclear cross-sections or 
introduce instability problems in the 
reactor kinetics. Then the use of an 
externally cooled reactor system may 
be required. 

The regenerated fuels must be 
separated for individual feeding to 
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the cell electrodes. In general, any 
type of physical or chemical separa- 
tion may be involved. For example, in 
a system using a liquid metal and a 
gas as fuels, with liquid metal electro- 
lytes, two types of separations are 
required: 

1. A separation of gas fuel from 
the liquid metal fuel-electrolyte mix- 
ture. 

2. A separation of the metal fuel 
from the electrolyte. 
Both separations can be accomplished 
in one small, compact centrifugal gas- 
liquid-liquid separator. Such a sepa- 
rator consists of a cylinder in which 
the liquid-gas mixture is introduced 
tangentially at a high velocity. A 
conical chamber is located beneath the 
cylindrical section. The gas is re- 
moved from the base of the cone, the 
heavier liquid is removed from the 
side, and the lighter liquid is removed 
from the apex. Spiral vanes should be 
included in this design for zero-g 
operating conditions. Special sepa- 
rator designs must be considered, de- 
pending upon the physical and chemi- 
cal states of the fuels and electrolytes. 


Operation in Zero-g 


Operation in zero-g also requires a 
pump for circulating the reactants. 
Two appropriate pumps are the elec- 
tromagnetic conduction pump and the 
electromagnetic centrifugal pump. 
The operation of the former is similar 
to a conventional pump: The fluid is 
rotated tangentially in an annulus by 
a rotating magnetic field producing 
static and velocity heads. The latter, 
in effect, has a magnetic impeller 
which replaces the mechanical im- 
peller of a conventional pump; a 
torque is exerted on a fluid in a manner 
similar to that in an induction motor. 
A fluid must be a reasonably good 
conductor of electricity when using 
electromagnetic induction pumps. 

In space-vehicle cooling, energy 
must be dumped through a radiating 
surface—the skin of the vehicle, a 
nonintegral flatplate structure, or a 
series of finned tubes through which 
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coolant is circulated. In addition to 
rejecting waste heat, the radiators 
must also reradiate the incident energy 
from the sun, earth, and space. The 
energy incident on the radiating sur- 
face depends primarily on the physical 
orientation of the radiator with re- 
spect to the sun and planets and the 
absorptivity of the radiating surface. 

Next, with respect to controls, their 
purpose is twofold: To insure that 
the fuel cell supplies the required 
power at the specified voltage level, 
and does not operate at power densi- 
ties above those considered safe, re- 
gardless of the external load. 

The method chosen to regulate 
power output and voltage is controlled 
in part by the specific fuel-cell system 
and the external energy source utilized 
for regeneration of reactants. For ex- 
ample, with a Cerium-144 isotope as 
a heat source, the power generated 
will vary with time as P = P,e—?-39 x 
10°3t, where P,, = initial power and P 
= power after t days. Since the volt- 
age and power output of the fuel-cell 
system will vary with the rate at 
which fuel is supplied to the electrode 
system, it is evident that the thermal- 
power output of the energy source 
will have to be controlled. To insure 
safe operation of fuel cells, storage- 
battery technique can be utilized to 
meet peak-power demands. Also, 
parasitic devices may be employed to 
maintain a constant load on the cell 
when power demands are reduced. 


Corrosion a Key 


Finally, corrosion is of prime im- 
portance to fuel-cell reliability and 
performance. Because of the fairly 
large temperature gradients which 
may exist, mass transfer can exist con- 
currently with intergranular attack, 
alloy type of attack, preferential leach- 
ing of one alloying element, and the 
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removal of impurities in alloys serv- 
ing as strengthening agents. Mass 
transfer can cause failure by plugging 
tubes in low-temperature areas of 
the system. This will be particularly 
severe if the tubes are small in diam- 
eter, such as those which exist in the 
heat exchangers of some systems. 
Since mass transfer will be enhanced 
in those systems constructed with 
more than one metal, the use of a one- 
component metal-piping system ap- 
pears more desirable in preventing this 
type of mass transfer. 

Now, a_ brief analysis will give 
some feeling for systems design. Re- 
ferring to the diagram of the nuclear 
regenerative fuel-cell on page 37 as a 
representative system, the specific 
requirements of the system might be 
given as follows: 

1. Final cell reaction: Li + 1/.H. 
— LiH (electrolyte, eutectic mixture 
of lithium salts). 

2. Electrical output: 550 watts. 

3. Operating voltage: 28 v. 

4. Open circuit voltage of fuel 
cell, E,: 0.6 v. 

5. Fuel-regeneration chamber op- 
erating temperature: 850 C. 

6. Fuel-cell temperature: 500 C. 

7. Energy source for regeneration 
of fuels: nuclear reactor. 
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ELECTRICAL INSULATOR 
PIPE INSULATED FROM CASE 


CASING INSULATOR 


ELECTRICAL 
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PRODUCTS TO REGENERATOR 


The required feed rates of the re- 
actants to the electrodes of the fuel 
cells must be determined in order to 
establish the heat input requirements 
from the nuclear reactor to the re- 
generator; the fuel-cell radiation areas 
required; regenerator design configu- 
ration; nuclear-fuel requirements; and 
pumping speed. 

For a constant power output, the 
required fuel-flow to the cell elec- 
trodes varies with both cell operating 
voltage and current efficiency of the 
electrode system. The graph on page 
38 shows the fuel-flow requirements 
(corrected for current efficiency vari- 
ations) as a function of cell operating 
voltage. Curves 1 and 2 give the flow 
requirement of the reactants—lithium 
metal and hydrogen gas. Curve 4 
gives the flow of the eutectic electro- 
lyte, and Curve 3 gives the total sys- 
tem flow requirement. The number of 
cells required to produce a power out- 
put of 550 watts and 28 v at a par- 
ticular cell operating voltage is indi- 
cated, 


Fuel-Cell Heat 


The heat produced by the electro- 
chemical reaction occurring in the 
fuel cell operating at 500 C is shown 
in the left graph on page 40.  Oper- 
ating at half-open circuit voltage, the 
heat which must be rejected from the 
cell in order to maintain constant 
temperature is on the order of 10,000 
Btu/hr. With the use of a heat ex- 
changer, the heat input into the fuel 
regenerator can be limited to just 
that required for dissociation of the 
fuel-cell products. The steady-state 
thermal input to the regenerator to 
dissociate only the lithium hydride 
produced in the fuel cell at different 
operating cell voltages is presented 
in the right graph; the heat inputs do 
not include startup heats or the heat 
required to increase the temperature 
of the cell products and _ electrolyte 
from cell temperature to regenerator 
chamber temperatures. The rate at 
which heat is transferred from regener- 
ated fuels to the heat exchanger in- 
creases with decreasing operating cell 
voltages; 95 per cent of the heat trans- 
ferred in the heat exchanger may be 
recovered. This heat is utilized to 
increase the temperature of the cell 
products before they enter the fuel 
regenerator. 

One important criterion of fuel- 
cell weight is the current density (cur- 
rent flow per unit area of electrode 
surface) of the electrode system. For 
the lithium-hydride system, for ex- 
ample, limiting current densities at 
1/, open circuit voltage of approxi- 
mately 500 amp/ft® have been at- 
tained. Theoretical predictions indi- 
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Will tomorrow challenge 


...or a bore? 


If you feel that your present job is 


not fully tapping your potential, here 


“<1 are 4 new career opportunities for 


Electronics Engineers that have every 
bit of the challenge you may be 


looking for ... 


for a seasoned engineer capable of integrating and 
directing on-site reliability assurance activities 
necessary to secure customer acceptance of the detec- 
tion system. Unusual combination of technical ability, 
relations and communications (written and spoken) is 


1 Site Systems Reliability Engineer: This position calls 


required. Desirable experience includes approximately 
ten years in design and field installation of transmitters 
on electronic systems with ability in both electronic 
and mechanical fields. Ability to motivate technicians 
for optimum performance is necessary. Salary structure 
is equal to the challenge. 


calls for a creative engineer capable of conceiving 
and directing the design of long-range radar sys- 
tems. Desirable experience includes around ten years in 


9 Radar Equipment Systems Specialist: This position 


at least one of the following: radar systems design, 
antenna systems, R.F. components, radar receiver sys- 
tems or radar data processing systems. Salary structure 
is equal to the challenge. 


a creative engineer capable of defining future de- 

fense and space detection problems as well as the 
ability to conceive and establish the feasibility of 
optimum systems solutions to these problems —-making 
use of the most advanced techniques and understand- 
ing. He must recognize the need for and coordinate the 
development of new techniques and the exploration of 


3 Advanced Systems Engineer: This position calls for 


new phenomena in the area of detection systems. Back- 
ground desired: Bachelor degree plus a combination of 
advanced training and several years experience in both 
the theoretical and practical aspects of detection sys- 
tems engineering. A desire to work in the conceptual 
phase of system design with the analytical ability 
required to evaluate and demonstrate the effectiveness 
of proposed systems. 


Engineer: Engineers are needed who are able to 
visualize and define future defense and space prob- 
lems--conceive advanced radar systems to solve them. 
An advanced degree and /or strong background in sys- 
tem analysis and design is essential. Assignments open 


4 Advanced Radar Systems Analysis and Development 


include: analyze and define requirements for advance 
detection systems and determine broader parameters 
for such systems, establish their feasibility; analyze 
long range missile detection systems and specify op- 
timum configuration on the basis of utility, perform- 
ance, cost and delivery. 228-9 


All of these openings are on General 
Electric missile and satellite detection proj- 
ects and will be filled with engineers 


having the capability and desire to make 


creative contributions. 


Write in confidence to T. M. George, 
Supervisor—Personnel Administration 


Missile Detection Systems Section 
HEAVY MILITARY ELECTRONICS DEPARTMENT 


GENERAL @@ ELECTRIC 


SYRACUSE, NEW YORK 
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TOTAL CELL WEIGHT VS 
FRACTION OF OPEN CIRCUIT VOLTAGE 


CURRENT DENSITY | 

750 AMPS/FT* 

2-500 AMPS/FT* | 
TOTAL POWER 550 WATTS 


VOLTAGE RATIO E/E, 


TOTAL CELL WEIGHT - LBS 
(WITHOUT INVENTORY ) 


cate systems can be developed with 
much higher current densities. High- 
current-density electrode — systems, 
which utilize light materials, will 
greatly aid development of the maxi- 
mum potential which fuel cells show 
for space applications. 

The current density of a cell is a 
function of the operating voltage. 
Therefore, the electrode surface area 
(the reciprocal of the current density ) 
and cell weight will also be a func- 
tion of the operating voltage. For a 
550-watt system with limiting cur- 
rent densities at 1/. open circuit volt- 
age (150, 500, 750 amp/ft?) and 
total system voltages of 28, 15, 7.5 v, 
the following cell characteristics have 
been evaluated as a function of oper- 
ating cell voltage—required electrode 
area, weight per cell, and total cell 
weight for the system. 


Anode Area 


The graph on page 42 shows the 
anode area required for a 550-watt 
system at various cell voltage ratios 
E/E, with limiting current density as 
a parameter. The configuration shown 
on page 42 was used to determine cell 
weight. (Optimization of weight and 
maximum area obtainable from a cy- 
lindrical configuration were not con- 
sidered at this time.) The assump- 
tions made in the cell construction are 
as follows: Anode-cathode spacing, 
0.375 in.; hydrogen cathode width 
(sintered niobium) , 0.0625 in.; lithium 
anode width (sintered niobium), 0.125 
in.; over-all cell thickness, 0.937 in.; 
and cell shell of 0.0265 in. molyb- 
denum-clad stainless steel having a 
density of 0.304 Ib/in*. 

The graph above left summarizes 
estimates of total cell weight, as a 
function of operating cell voltage, for 
different system operating voltages and 
various limiting current densities. 

Knowing the heat dissipated per 
cell, the nun ber of cells and the physi- 
cal dimensicns of the cells, the radia- 
tion area can be determined. The 
area can be varied by proper packag- 
ing. 
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The heat exchanger system preheats 
the fluid entering the reactor. The 
structural analysis of such a system de- 
pends upon the system’s flow rate, cell 
operating temperature, and reactor dis- 
sociation temperature. For this analy- 
sis, the fuel-cell operating temperature 
is set at 500 C and the dissociation 
temperature at 850 C. The recircula- 
tion flow enters the heat exchanger at 
500 C and returns to the reactor at 
836 C, while the products leave the 
heat exchanger at 514 C. The con- 
struction material is niobium. It can 
be shown that the weight require- 
ments are negligible for a heat ex- 
changer in a 550-watt, 28-v system 
with a limiting current density of 500 
amp/ft? (at 1/5 open circuit voltage) 
for E/E, between 0.25 and 1. 


Weight Variation 


Study of the present system shows 
that the only components which vary 
in weight to any extent with operating 
cell voltages are the fuel cells and a 
radioisotope energy source used for 
regeneration of cell products. If a 
nuclear reactor is considered, its 
weights are almost constant with 
changes in voltage characteristics of 
the fuel cell. 

The graph shown below presents the 
total weight of the lithium-hydride 
system, including inventory as a func- 
tion of the ratio of the cell voltage to 
open circuit voltage for both nuclear 
reactor- and radioisotope-powered 
units. For the radioisotope-powered 
system, the optimum value of E/E, tor 
minimum weight is approximately 
0.625 (E, for this fuel cell is 0.6 v). 
However, from the standpoint of cost 
and reliability, studies show it is ad- 
visable to operate at a value of E/E, 
of 0.75, for which only a small penalty 
in total system weight is paid. For 
the nuclear-reactor-powered system, it 
is recommended that the cells in the 
system operate at E/E, of 0.65, since 
a very small weight penalty is paid 
for a reasonably large increase in re- 
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OVERALL THERMAL-ELECTRIC CONVERSION 
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liability. The diagram above shows 


the over-all thermal-electric conversion 
efficiency for the 550-watt, 28-v sys- 
tem. 

The conceptual design shown on 
page 37 summarizes the thinking in 
this study. The 216-lb system, utiliz- 
ing lithium metal and hydrogen as 
fuels and a radioisotope energy source, 
shows a constant power output of 550 
watts at 28 v with an over-all thermal- 
electric conversion efficiency of 11 per 
cent. The table shown with the de- 
sign summarizes components and their 
characteristics. + 


Making High-Thrust Chamber 
(CONTINUED FROM PAGE 39 ) 


muffle with controlled argon or hydro- 
gen atmosphere. In the brazing cycle, 
the chamber is taken above 1980 F in 
about 1 hr. 

After brazing, the chamber is slowly 
furnace-cooled to 1800 F to allow 
unstressed solidification; then it is re- 
moved from the furnace and air-cooled 
to room temperature. Protective at- 
mosphere is maintained to insure a 
clean assembly. 

Multiple brazing techniques devel- 
oped by Solar are used in the next 
step. Hardware attachments such as 
fuel manifold, reinforcing rings, and 
injector flange are fitted to the cham- 
ber and the second braze operation, 
involving a copper-tin brazing alloy, 
begins. This takes place at approxi- 
mately 1875 F. 

The chamber is then machined to 
mate the injector and engine mount, 
and the assembly is heat-treated as 
necessary to achieve the desired metal- 
lurgical properties of precipitation 
hardened AM350. This is done in a 
split cycle of —100 F for 3 hr fol- 
lowed by 3 hr at 1000 F. The cham- 
ber then undergoes a series of tests, 
including leak pressure using 200-psi 
helium in the fuel passages while the 
chamber is submerged in a_ water 
tank. 
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7 Complete service in liquid oxygen 
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RESEARCH & ENGINEERING Of the combined staff 
of 1300 at three laboratories, more than 1000 engineers, 
scientists, and technicians are constantly adding to LINDE’s 
ws knowledge of Cryogenics and supporting sciences. Years of 
ion solving low-temperature problems, plus our up-to-date know- 
we. how of Cryogenic engineering, equipment, and liquefied gas 
; applications are yours when LINDE becomes your source for 
on cold facts and materials. 
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PRODUCTION More than 50 plants for producing liquid 
bet or gaseous, oxygen, nitrogen, argon, hydrogen, and rare gases 
cle, (neon, krypton and xenon). 
in Here are the capacities of a few centrally-located plants pro- 
ducing liquid oxygen, nitrogen and argon: slg, 
tie Essington, Pennsylvania—500 tons a day (12,000,000 cu. ft.) : 
OW 
ve Fontana, California—175 tons a day (4,200,000 cu. ft.) STORAGE & STORAGE-CONVERSION UNITS 
led Ashtabula, Ohio—500 tons a day estate 
at- Others at Kittanning (700 tons), Seattle (20 tons), Houston pine ene : Capacity: 5. 10, 25 
(40 tons), Birmingham (20 tons), etc. Liquid Hydrogen Pro- 
duction: Tonawanda, New York; Torrance, California (mid- 
-% 1960). Storage-conversion cylinders—liquid oxygen (adapted also 
ext : : for liquid nitrogen, argon, neon, hydrogen service)—Capacity: 
i? Most on-site plants operated for single-customer use pro- 3,000 cu. ft. 
ind 20 Special liquefied gas refrigerator containers for biologicals, 
on, | A eee Others with capacities up to 450,000 cu. ft., including mobile 
DISTRIBUTION Over 100 storage and distribution in- 
wai stallations, plus hundreds of customer units are serviced Stationary 
to by a LINDE buat fleet of: . : About 650 liquid storage or combination storage and conver- 
nt, More than 500 liquid-carrying railroad box tank cars. Stand- sion units in service at customer, distributor, or mass-plant 
oe ard capacity: 1,000,000 cu. ft. (gaseous equivalent) locations—Capacity: 10.000 to 75,000,000 cu. ft. 
al- Over 350 liquid-carrying trucks and trailers: Capacity: : 
ion 60,000 to 450,000 cu. ft. 
ra (More than 3 of these are equipped to convert liquid to gas 
Fol- at 3000 psi pressure) 
. . 
sts, Put Linpe’s vast experience in Cryogenics to work for you UNION | 
psi LINDE engineers ts in the latest developments in cryogenics for missiles, are at 
psi gineers, experts in la y 4 
the : your call with technical service at every stage. Write Dept. AT-03, Linde Company, CARBIDE 
‘oe : Division of Union Carbide Corporation, 30 East 42nd Street, New York 17, N.Y. : 
oe In Canada, Linde Company, Division of Union Carbide Canada Limited, Toronto. 
“Linde” and ‘Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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Compiled by Stanley Sarner 
Flight Propulsion Laboratory Dept. 


General Electric Co., Cincinnati 15, Ohio 


OXYGEN (QO) 


Liquid oxygen is odorless, and_ pale dered lead can be used. Paint is a satis- Cost and Availability 
: blue in color. The gas is both colorless factory protective coating. Due to the Liquid oxygen is available in unlimited 
i and odorless. Oxygen has been the possibility of explosion, lampblack, hydro- quantities for immediate shipment at a 
workhorse oxidizer for use in rocket en- carbons, grease, cotton, wool, wood, and cost which varies with quantity from 1.8 


gines for many years. It has the advan- 
tage of being cheap and readily available 
as well as nontoxic, but it is not storable. 
It yields high performance exceeded in 
most cases only by fluorine and ozone. 


other organic materials should be avoided. to 11.4 cents/Ib. 


Hazards 
3 Oxygen is, of course, nontoxic and does Table 1 Physical Properties of Oxygen 
not form toxic decomposition products nor Boiling Point —183.0C 297.4 F 
dangerous combustion products. Spillage Point ~218.8C 361.8 F 
is troublesome only because the low 
temperature of the liquid can cause ser- ai ; 
; ious “burns” on contact with skin. Critical Pressure 49.7 atm 7304 psia 
3 An abundance of oxygen in the area Liquid Density at Boiling Point 1.144 g/cm? 71.42 Ib/ft® 
“s can be dangerous due to the lowering of Viscosity at Boiling Point 0.190 centipoise 0.000128 Ib/ft sec 
; the flash, fire, and autoignition points, Thermal Conductivity (— 288 to — 340 F) - 0.12 Btu/ft hr F 
and the widening of the explosive limits . Pp 419.31 
5 with many materials may present an ex- 
plosive hazard due to impact sensitivity 7 


and new materials should be screened be- 
fore use. 


Materials for Handling 
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While liquid oxygen is noncorrosive, 
many materials Rian brittle at the low Table 2 Chemical Properties of Oxygen 
temperatures involved and lose strength. Heat of Formation (liquid) at Boiling Point —3.109 kcal/mole 
For this reason, carbon steel, iron, and 
plastics should be avoided. Metals suit- Heat of Vaporization at Boiling Point 1.630 kcal/mole 
able for use are, in the order of increas- Heat of Fusion at Fusion Point 0.1065 kcal/mole 
ing brittleness: Pure nickel, monel, in- Heat Capacity at Boiling Point 12.99  cal/mole C 
conel, copper, aluminum, 18-8 low car- 
bon stainless steel, and annealed brass. 
Copper tubing may be used for piping, 
and joined with conventional brass flare 
fittings in small sizes or copper “sweat 
fittings” assembled with silver solder in 
sideration, aluminum or stainless-steel 
* pipes assembled by welding may be used. Specific Impulse (sec) Chanber 
: Flexible metal hose with external metal Equilibrium Temperature** 
% braid is also satisfactory. 
Fuel Frozen Flow Flow (Deg K) 
No lubricant can be unqualifiedly re- 
commended and liquid oxygen might well RP-1 286 300 3672 
be left to act as its own lubricant. Some UDMH 295 310 3594 
lubricants found fairly satisfactory are NoH, 301 313 3400 
Electrofilm, Molykote, Motor Mica, and NH; 285 294 3089 
Fluorolube. — Satisfactory packing and 92.5% C.H;OH 274 287 3389 
gasketing materials are asbestos, asbestos- H, 388 391 2997 
braided rope, paper, polyethylene, Teflon, : | 
Kel-F, neoprene, or butyl rubber. Teflon Se 
is also satisfactory as a piping or tubing = 2000 OFF 
material. For pipe joints, Oxyseal, water- 
glass cements, and a mixture of Fluoro- to Sow 
lube, molybdenum disulfide, and pow- 
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Philco has designed and built the 
world’s largest 3-axis tracking antenna 


The world’s largest 3-axis tracking antenna was recently completed at the Philco 
Western Development Laboratories in Palo Alto. It will be used at one of the world- 
wide satellite tracking stations to receive vast amounts of scientific information from 
outer space. By employing the unique design feature of tri-axial mounting, this 
extremely accurate and complex instrument, designed and built by Philco, has com- 
plete flexibility of movement and can provide'continuous coverage of telemetered 
information and data from satellites and missiles during any phase of flight. 

At Philco you will find the skills that come from close association with the involved 
problems of planning, developing and implementing advanced space communica- 
tions programs . . . experience that includes the design and construction of antennas 
of many types. Each fully meets the stringent specifications of the military and 
various scientific research organizations. Philco stands ready to fill your specific needs. 


PHILCO CORPORATION/GOVERNMENT AND INDUSTRIAL GROUP 


Philadelphia 44, Pennsylvania 
Communications and Weapons Systems Division ' 4 i LC O 
Computer Division e Sierra Electronic Division ® 


Western Development Laboratories fe Quality Wold Chee 


high and weighs over 130 tons. One of 
most unique features.is the 60-foot reflec 
a solid aluminum skin parabo 
structure manufactured to a tolerance 
65, 1000 of an inch over its entire surface 


The antenna maintains its 
winds up to 60 miles per ho 
mechanical efficiency in winds 


aa 
“ 0st severe environmental conditions. 


Radio Interferometry 
(CONTINUED FROM PAGE 24 ) 


equivalent to saying that he permits 
these weak signals to accumulate over 
several seconds in order to deliver a 
recognizable amount of radio energy. 
But the requirement of receiving with- 
in a frequency band less than 1 eps a 
signal which has been Doppler-shifted 
by as much as 100,000 cps constitutes 
the essential technical difficulty al- 
luded to above. 

In principle, the solution of this 
difficulty requires that a continuous- 
wave signal be emitted by the ground 
station for the sole purpose of being 
tracked at all times by the vehicle 
station. Of course, once this tracking 
operation is performed, variations in 
the strength of this same signal, used 
now as a carrier, can be detected and 
may serve to transmit information. 

The problem of tracking the enor- 
mous Doppler shift of a continuous- 
wave signal by means of an extremely 
narrowbanded receiver constitutes the 
most exacting and the most crucial 
technical task encountered when en- 
deavoring to maintain communication 
links over a_ line-of-sight range of 
300,000,000 km. At the same time, 
the solution of this problem offers a 
rich reward, for it permits us to accom- 
plish almost immediately another im- 
portant task; namely, keeping track 
of the exact line-of-sight distance be- 
tween the earth and vehicle stations. 


One-Way Communication System 


CONTINUOUS WAVE SIGNAL 
OF FREQUENCY fo 
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LOCAL SIGNAL 
GENERATOR 
OF FREQUENCY 


We shall see that the accomplishment 
of this second task will enable us to 


determine interplanetary distances, 
now known to only one part in a thou- 
sand, with an accuracy of one part in 
a billion; that is, with a millionfold 
greater accuracy. 

Fortunately, the communications en- 
gineer knows how to track a contin- 
uous-wave signal over a frequency 
range enormously greater than his re- 
ceiving bandwidth, as long as a certain 
condition is met, about which more 
will be said later. In principle, he 
solves this problem by generating a 
local continuous-wave signal of con- 
trolled frequency very nearly equal to 
the frequency of the incoming signal. 
He then “heterodynes”; that is, beats 
the incoming signal against the local 
signal, and utilizes their slow beat to 
make a phase motor rotate in exact 
step with that beat. The direction of 
its rotation is determined by whether 
the local signal has a higher or lower 
frequency than the incoming. signal. 
This phase motor is geared in turn to 
the tuner of the local signal generator, 
and so controls its frequency as to 
make it always tend toward the fre- 
quency of the incoming signal. 

The diagram below illustrates the 
sequence of apparatus which will per- 
form the frequency-tracking operation 
just described. Most of this appa- 
ratus forms a so-called feedback or 
servoloop—the kind of apparatus or- 
ganization about which much was 
learned during and since WW II, and 


SIGNAL ARRIVES AT 
VEHICLE WITH 
DOPPLER ~ SHIF TEO 
FREQUENCY ty 


CONVENTIONAL 
RECEIVER 


which resembles the organization of 
the human body. 

It is not essential to have a real 
phase motor and a mechanical gear 
box to perform the frequency-tracking 
task. Indeed, there are electronic 
equivalents of the phase motor and the 
gear box weighing one-hundredth the 
weight and consuming one-hundredth 
the power. These electronic equiva- 
lents are far better suited for a vehicle 
station when weight and power in orbit 
are ata real premium. The important 
thing is that this task can be accom- 
plished provided—and here is the cer- 
tain condition alluded to above—that 
the rate of change of the Doppler shift 
is not too high. 


Doppler Shift Rate 


The rate of change of the Doppler 
shift is exactly equal to the acceleration 
of the vehicle divided by the signal 
wavelength. When the vehicle is be- 
ing launched this drift rate is limited 
by the available motor thrust, but once 
the vehicle is in its own solar orbit the 
relative acceleration of the earth and 
vehicle is very small. 

As an example, consider a vehicle 
launched with just a little more than 
earth-escape velocity, so that its orbit 
has a period of 380 days. The beat 
period between the earth and the arti- 
ficial planetoid is 9253 days, so that 
after some 12 years the planetoid is 
nearly in opposition with respect to 
the sun. Its acceleration relative to 
the earth is then only 0.001 cm_ per 
sec, or one-millionth of g. 

Dividing now this acceleration by 
the signal wavelength (10 cm), we ob- 
tain a Doppler drift rate of 0.0001 
cps?, which the system must be able 
to track. This drift rate is the square 
of the frequency—0.01 cps. This fre- 
quency has a special importance in our 
considerations, for the mathematical 
analysis of the situation described here 
shows that it is precisely the narrowest 
possible receiving bandwidth of a 
tracking system capable of following 
the relative earth-vehicle acceleration 
of one-millionth g when trans- 
mitted wavelength is 10 cm. 

These figures bring into relief the 
enormous importance of a_ well- 
designed frequency-tracking system. 
They show the possibility of narrowing 
the receiving bandwidth from the 
100,000 cps required without fre- 
quency tracking to 1 ten-millionth of 
this value. In terms of emitted power, 
this means that watts will suffice, in- 
stead of ten’s of megawatts, which are 
out of the question even for an earth 
station, not to speak of a planetoidal 
station. 

We have seen that slow amplitude 
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| CONSOLIDATED SYSTEMS 


1500 So. Shamrock Ave., Monrovia, California 


Automatic data p» 
recording and 
processing 
system now 
being used in 
tests of the new 
hydrogen rocket 
engine... 

E Bulletin 3012-X6. 


These technical brochures describe 
systems developed for the space age by 

Consolidated Systems Corporation. 
All are operating systems...on the job 


Airborne, 
transistorized 
system for 
vibration 
monitoring of 
turbine engines... j j 

today. ..producing data in space age 
applications where time and 


ie performance are critical. 
Rocket fuel 


process control Read about them. Circle the 
system for 


, Fgh brochures that interest you, jot your 
ulletin 

name and address on the margin 

of this page and mail to CSC. 


Missile ground New! Consolidated’s mass spectrometers designed to 
support system analyze elements in outer space... ground data logging 


for countdown . 
and pre-countdown system for supersonic aircraft. Write for full information. 
checkout... 


Bulletin 3017-X6. 
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Two-Way Communication System as a Radio Interferometer 
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PLER- SHIFTED FREQUENCY ty 
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TRACKING STATION PRODUCE 
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modulations of the transmitted carrier 
may serve to transmit information to 
the vehicle station. Now let us ex- 
amine the fascinating results which 
can be accomplished by placing two 
such frequency-tracking systems end 
to end, so that signals may now be 
received back on earth from the ve- 
hicle station. 

Let us note first, that with the fre- 
quency-tracking system diagramed on 
page 48 not a single cycle of the re- 
ceived signal is ever lost. The fre- 
quency of the local signal may differ 
ever so slightly from that of the re- 
ceived signal; but this very small dif- 
ference frequency, at most equal to the 
receiving bandwidth (0.01 cps), con- 
trols the rotation of the phase motor 
of the servoloop, so that the number 
of cycles not exactly accounted for by 
the local signal are exactly “remem- 
bered” by the gear box. 

Assume now that the vehicle station 
can reemit a strong continuous-wave 
signal, of the order of watts, having 
exactly the frequency of the local 
generator. It must be stated immedi- 
ately that the reemission of a signal 
1,000,000,000,000,000,000 stronger 
than a received signal of nearly the 
same frequency would block the re- 
ceiver hopelessly. 

But here again, the communications 
engineer has a bagful of tricks. Thus, 
he may mix the desired signal with 
other locally generated signals, and 
transmit this composite signal as well 
as these other local signals, so that the 
assemblage is only remotely harmoni- 


50. Astronautics / March 1960 


cally related to the essential signal. 
The distant earth-station will then un- 
ravel these several signals and repro- 
duce the desired signal. Alternately, 
he may retransmit a single continuous- 
wave signal, which is, for instance, ex- 
actly seven-sixth’s the desired signal— 
for every six waves of the desired sig- 
nal he retransmits exactly seven, and 
the inverse process is performed at the 
earth station, so as to retrieve the exact 
desired signal. 

Whichever method is used, ade- 
quate filtering at the vehicle station 
will prevent the transmitted signals 
from masking the very weak desired 
signal. Yet, back at the earth station, 
a signal will eventually be obtained ex- 
actly as if the vehicle had _ retrans- 
mitted its locally generated signal. 
The assumption that this signal can be 
retransmitted is therefore a legitimate 
one, for it permits us to visualize what 
is essential in the operation of the en- 
tire system. 

Consider now the operation of the 
entire system, which is illustrated dia- 
gramatically above. continuous- 
wave signal generated at the earth sta- 
tion is received and tracked by the ve- 
hicle station which produces a locally 
generated signal. During any one in- 
terval of time, this local signal pro- 
duces fewer cycles than are transmitted 
by the earth station, the difference be- 
ing exactly equal to the number of 
wavelengths of the transmitted signal 
which the vehicle has traveled plus the 
number of rotations made by the phase 
motor during that interval. 


So far, not much use can be made 
of these facts, because the vehicle sta- 
tion does not know exactly the fre- 
cuency of the transmitted signals. But 
the vehicle station retransmits its local 
signal, which is received and tracked 
at the earth station after having suf- 
fered a further Doppler shift on its 
return trip. There will be produced at 
the ground station a locally generated 
tracking signal which, during any one 
interval of time, will produce fewer 
cycles than were originally transmitted, 
the difference being now twice the 
number of wavelengths which the ve- 
hicle has traveled, plus the total num- 
ber of rotations made by both phase 
motors during that interval of time. 

Now good use can be made of these 
facts, for the original emitter is close 
at hand, and the count of the cycle dif- 
ference between the original signal and 
the local earth-station tracking signal, 
plus the easily ascertainable number of 
phase motor turns, yields exactly twice 
the distance from the earth station 
which has been traveled by the vehicle 
station during that time interval. We 
thus reach the exciting conclusion that 
here is a system which measures range 
with a precision of a fraction of a wave- 
length regardless of the range magni- 
tude, be it a few meters or several hun- 
dred million kilometers! 


Why the Name 


It is this circumstance which justifies 
the name “Radio Interferometry” se- 
lected for the title of this discussion, 
for the technique described here shares 
with the classical two-beam interferom- 
eter of Michelson the property of 
measuring with a precision of a frac- 
tion of one wavelength distances sev- 
eral orders of magnitude greater. In- 
deed, the availability of radiation much 
more monochromatic than, say, the 
green light of Mercury permits the ra- 
dio interferometer to operate over 
ranges thirteen or more orders of mag- 
nitude greater than the wavelength 
utilized, whereas the optical interfer- 
ometer is limited in practice to path 
differences only six orders of magni- 
tude greater than the optical wave- 
length utilized. 

The metrological implications of ra- 
dio interferometry are also immedi- 
ately apparent. Interplanetary param- 
eters, in particular the sun’s parallax, 
are known today with an absolute ac- 
curacy of only 1 part in 1000. On the 
other hand, assuming Newton's law 
of gravitation, with its Einstein cor- 
rections, to be exact over the distances 
involved in the solar system, inter- 
planetary parameters are known rela- 
tive to each other with an accuracy of 
one part in one billion. Radio interfer- 
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The burning question of cool flames 


Between the brief stage of not burning and burning, 

many hydrocarbons react with oxygen at temperatures well below that 
of normal flame combustion. But the reactions are 

usually transient and hard to analyze. At the General Motors 
Research Laboratories, we have been able to investigate the 


effect of chemical additives on cool preflames. 


To do this, the almost invisible cool flames are stabilized for hours 
in a flat-flame burner, permitting careful examination of the retardation 


or acceleration effects of the additives, From more than twenty 


fies 
se- additives studied, experimental results indicate that some chemicals 
ion, ; affect combustion through the mechanism of preflame reactions. We are now 
we accumulating new information on these additives’ mode of operation. 
of : For instance: emission spectra support the conclusion that tetraethy] 

_ lead reacts with the oxygenated compounds formed in cool flames to 
hes yield lead oxide vapor. These findings of when and how lead oxide 
uch is formed are important in resolving a current controversy of science — 
the 
the combustion behavior of tetraethyl lead. 
ver 
ag- os : ae Studies such as this may lead to more economical and effective means 
y . . e 
” of controlling unrestrained combustion — such as “knock” in 
er- 
ath sae ee reciprocating engines. The work is typical of GM Research’s effort to 
ni- ; ir provide useful information for a moving America. And in this way 

continue to keep our promise of “More and better things for more people.” 
ra- 
um- 

x, ; General Motors Research Laboratories 
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Your ideas...our methods...give you 
reliable components at low cost 


BASIC SHELL 


3" TO 32" 
T .050 TO .670 


— 


4 


L 
1/72 TO 5X LD. 


HEAD SHAPES OPEN END SHAPES 


SPHERICAL STANDARD STRAIGHT todd OFFSET 
T | 
| i | 
ELLIPSOIDAL FLAT 


THICKENED 


*USED FOR INTEGRAL "BACK UP" IN WELDING SHELLS TOGETHER. 


The drawings shown here give you a simple description of the 
way you can use basic Hackney shells to produce a variety of 
seamless, lightweight, strong, low-cost rocket motor cases, gas 
generator housings, control actuator pressure vessels and other 
missile components. 

The basic unit is a cold drawn, deep shell which has uniform wall 
thickness from top to bottom in ranges from .050” to .670”. I.D.’s 
vary from 3” to 32”. The length of the shell may be from 4 to 5 
times the diameter—or up to 110”. 

Head shapes—spherical, standard, ellipsoidal, flat or special. 
Open end shapes offer variety—straight cut, offset in, offset out, 
flanged out, flanged in, spun closed or thickened. Capacities begin 
at 1 quart—go as large as 100 gallons. Working pressures range 
from 100 to 6000 psi, depending upon diameter and wall thickness. 

For full details of our facilities and our methods of making com- 
ponents, write to the address below. 


Pressed Steel Tank Company 


Manufacturer of Hackney Products Since 1902 


1476 S. 66th Street, Milwaukee 14, Wisconsin 


Branch offices in principal cities 


CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 
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ometry offers us, therefore, the neat 
possibility of expressing these param- 
eters in terms of the wavelength of 
earthborne radiation with that same 


accuracy. 

Indeed, two curious circumstances 
are brought into relief by these consid- 
erations. Since the most accurate 
measurements of length must be made 
by an interferometric method over vac- 
uum distances of the order of at least 
one-billion wavelengths of the radio 
radiation utilized, we conclude that: 

1. These most accurate measure- 
ments of length must perforce be con- 
ducted on an interplanetary scale. 

2. The standard of length used— 
namely, the wavelength corresponding 
to some atomic clock period—cannot be 
reduced to other standards with an ac- 
curacy as high as interplanetary meas- 
urements made in terms of it. 

The implication of this second point 
is striking: In the highly accurate 
metrology of the future, the question 
of the value of the velocity of light in 
terms of old standards, such as the 
meter and the sidereal second, will 
drop out of consideration. The stand- 
ards of time and length will be, re- 
spectively, the wavelength and _ the 
period of the atomic clock radiation, 
and their ratio will be called c by defi- 
nition, but will not be reducible to 
other standards with the same accu- 
racy with which measurements will be 
made directly in terms of these stand- 
ards, 


High Accuracy 


A remark should be made about the 
high accuracy which appears realiz- 
able from measurements made with ex- 
tremely weak received powers. When 
this at first surprising circumstance is 
examined from the viewpoint of infur- 
mation theory, we realize that a very 
efficient use is made of these weak 
powers, for they deliver information 
about the range increments only—the 
burden of remembering the past range 
being placed on the observer and his 
instrumentation. Thus, these weak re- 
ceived powers deliver over an appreci- 
able period of time the precious bits of 
information which, eventually, give the 
correction from any anticipated solar 
orbit to the actual orbit. 

The reader may well conclude from 
this discussion of radio interferometry 
that, while the launching of planetoids 
is within the grasp of the rocket engi- 
neer, the nearly millionfold increase in 
range implied by this possibility will 
present the communications engineer 
with a new and fascinating challenge. 
It was our purpose to indicate how 
the communications engineer will 
probably meet this challenge. + 
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Flames swept across the open plains as 
the Mongol hordes ran in terror from the 
“arrows of flying fire’. When the smoke 
had cleared the Chinese had won the 
battle of Pienking with the first rocket. 


Missiles have become greatly more 
sophisticated since this crude unguided 
arrow was propelled by gunpowder packed 
in an open-ended bamboo tube. Today, as a 
vital part of one of the world’s largest 
electronics companies, Raytheon’s Missile 
Systems Division is making significant con- 
tributions to the art of missilry. The excit- 
ing new Pin Cushion Project for selective 
missile identification, the constantly ad- 
vancing Navy’s air-to-air SPARROW III 
and Army’s HAWK are examples of their 
outstanding creative work. 


We are seeking highly creative people to 
maintain Raytheon’s leadership in this chal- 
lenging field. For these people, Raytheon’s 
Missile Systems Division creates a climate 
for talent — perhaps your talent. 


MISSILE: 
CENTURY 


ENGINEERS: immediate openings in 
Data Handling — Circuit Design — 
Packaging — Electro-Mechanical Design— 
Systems Test — Test Equipment Design 
— Systems Analysis — High Power Radar 
Design — Microwave Tube Application — 
High Voltage Power Supply — Modulators 
— Microwave Design — Systems Design 
— VHF Circuit Design — Operations 
Analysis — Radar Systems and Mathe- 
maticians. 


Please apply to Mr. W. F. O’Melia, 
Employment Manager, Bedford Labora- 
tory, Missile Systems Division, Raytheon 
Company, Bedford, Massachusetts. 


MISSILE 
SYSTEMS 
D/V/ISION 


... creates a climate for talent. 
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ARS news 


Attendance of 600 Marks Solid Rocket Research Symposium 


Richard D. Geckler, featured speaker 
at the banquet, makes a point with a 
smile. 


RINCETON, N.J.—An attendance of 

more than 600, compared with ad- 
vance estimates of from 250 to 300, 
highlighted the ARS Solid Propellant 
Rocket Research Symposium held at 
Princeton Univ. here January 28-29. 

The program organized by the Sym- 
posium Committee—headed by J. 
Preston Layton of Princeton as gen- 
eral chairman, with Ivan Tuhy of 
Rocketdyne, chairman of the ARS 
Solid Rocket Committee, and Martin 
Summerfield of Princeton in charge of 
technical papers, and John Langfeldt 
of Princeton handling arrangements— 
succeeded in its avowed purpose of 
bringing together solid rocket special- 
ists from all over the country to discuss 
critical research problems in an effort 
to define the unknown areas in the 
light of what is already known today. 
All sessions were unclassified. 

The meeting got underway Thurs- 
day morning, January 28, with a ses- 
sion on exhaust nozzle design and 


thrust control, and a panel discussion 
on combustion of metals, chaired by 
H. M. Sherey Jr. of Rohm and Haas, 
The panel, bringing together Irvin 
Glassman of Princeton, Derck Gordon 
of Stanford Research Institute, W. M. 
Fassell Jr. of Aeronutronic, C. P, 
Talley of Experiment Inc., and W. A. 
Wood of Rohm and Haas. 

Guest speaker at the Thursday 
luncheon, at which Jerry Grey of 
Princeton, president of the ARS 
Princeton Section, host for the Con- 
ference, acted as toastmaster, was 
John Turkevich, Higgins Professor of 
Chemistry at Princeton, pinch-hitting 
for C. D. Perkins, who had unexpect- 
edly been called to Washington. Dr. 
Turkevich’s “Impressions of Soviet 
Science,” based on a tour of duty last 
summer as lecturer on science at the 
U.S. exhibit in Moscow, was a fasci- 
nating exploration of the attitude to- 
ward science displayed by the many 

(CONTINUED ON PAGE 58) 


Seated at head table at the banquet at the Solid Propellant Rocket Research Symposium held in Princeton’s Nassau Inn 
are (left to right) J. P. Layton, Princeton Univ., general chairman of the meeting; J. C. Elgin, Princeton Univ. dean of engi- 
neering; Dan Myers of Thiokol; Martin Summerfield, Princeton, a member of the Symposium Committee; banquet speaker 
Richard D. Geckler of Aerojet; Ivan Tuhy of Rocketdyne, chairman of the ARS Solid Rocket Committee and a mem- 
ber of the Symposium Committee; ARS President Howard S. Seifert; Jerry Grey, president of the ARS Princeton Section; 
Harry Smythe, chairman of the Princeton Univ. Research Board; and Robert Drake, chairman of the Princeton Mechanical 


Engineering Dept. 
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CREW STATION MOCK-UP-—static 
evaluation of display concepts. 


COED CONSOLE—dynamic simulation 
of prototype man/machine interface. 


COED/IBM 704 FACILITY—speed and flexibility for real-time simulation of man/machine systems. 


COED... computer operated electronic display 


The airborne data processing system for the EAGLE 
missile concept uses advanced digital data handling 
complemented by the intelligence of the human operator. 
Coordinated transfer of data between man and machine 
is implemented with human-factored electronic display 
and control devices. 


Balanced man and computer functions are assured in 
the development of the EAGLE electronic system through 
analysis and experimentation with realistic operational 
missions using the COED (Computer Operated Electronic 
Display) simulator. This simulation involves real-time 
programs for a large-scale digital computer which are 


Bendix Systems Division 


ANN ARBOR, MICHIGAN 


integrated with cathode-ray-tube alpha-numeric displays 
and operator controls. 


The COED system has been developed to provide a 
special facility for versatile and realistic simulations of 
the man-machine interface. It is a stepping stone in the 
Bendix program of [ntellectronics where the ultimate goal 
is the machine synthesis of man’s unique perceptual and 
intellectual faculties. 


Opportunities are available to better engineers and 
scientists who would like to participate in this and other 
systems programs of the highest technical integrity. 


AVIATION CORPORATION 
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The U.S. Weather Bureau used a Honeywell Model 906B 
Visicorder Oscillograph to record directly this diary of 
a thunderstorm as it passed near the observation station 
on Mt. Washburn in Yellowstone National Park. 

As the storm passed, the Visicorder measured and re- 
corded 1) positive and negative electrical conductivity 
of the air, 2) the rate of ionization of air due to airborne 
radio-active particles and extra-terrestrial radiation, 3) 
the size and charge of individual raindrops, 4) the corona 
discharge current from an insulated tree and from a 4’x 6’ 
grass plot to determine current flow from the earth’s sur- 
face to charge centers in the clouds, 5) times of camera 
exposure photographing cloud droplet size and electrical 
charge, 6) atmosphere potential gradient, and 7) time. 

The Visicorder made this and many other records on 
Mt. Washburn without the use of power amplifiers. This 
feature, plus the extreme portability of the Visicorder, 


“made it the ideal oscillograph for use in these studies. 


Byron Phillips, U. S. Weather Bureau Scientist, monitors 
thunderstorm data as it is recorded by the Honeywell Model 
906 Visicorder. 


ilpin weather research 


Recent Models of the 906 Visi- 
corder incorporate time lines and 
grid lines and record up to 14 simul- 
taneous channels of data. 


The NEW Model 1108 Visi- 
corder with many automatic fea- 
tures and the convenience of push- 
button controls, is ideal for inter- 
mediate uses requiring up to 24 
channels of data. 


The Model 1012 Visicorder is 
the most versatile and convenient 
oscillograph ever devised for re- 
cording as many as 36 channels of 
data. 


The Honeywell Visicorder is the pioneer, completely 
proven, and unquestioned leader in the field of high-fre- 
quency, high-sensitivity, direct-recording ultra-violet os- 
cillography. Here are some of the reasons why Visicorders 
provide the most accurate analog recordings available: 
constant flat response and sensitivity of galvanometers; 
grid-lines simultaneously recorded with traces to guaran- 
tee exact reference regardless of possible paper shift or 
shrinkage; flash-tube timing system for greater accuracy of 
time lines; superior optics for maximum linearity of traces. 

No matter what field you are in... 
ment, computing, rocketry, product design, control, nu- 
cleonics ... the high-frequency (DC to 5000 cps) Visi- 
corder Oscillograph will save you time and money in 
data acquisition. 

Call your nearest Minneapolis-Honeywell Industrial 
Sales Office for a demonstration. 


research, develop- 


Reference Data: write for Bulletins 1108, 1012 and HC-906B 
Minneapolis-Honeywell Regulator Co. 
Industrial Products Group, Heiland Division 


5200 E. Evans Avenue, Denver 22, Colorado 


Honeywell 
Qudustrial Produit Group 
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On the 


1960 
March 3, 10, 31 


March 6-9 


March 9-10 
March 9-11 


March 9-11 
March 23-25 
March 24-25 
March 24-26 
March 29-31 
April 3-8 
April 4-5 
April 4-8 


April 4-8 
April 4-8 


April 6-8 
April 6-8 
April 7, 14, 28 
April 11-14 
April 21-22 
April 21-22 
April 25-29 
April 25-29 
April 27-28 
April 27-39 
May 2-5 
May 3-5 
May 9-11 
May 9-12 


May 9-12 
May 23-25 


May 24-28 
June 15-17 
July 18-19 


July 21-27 


Aug. 15-20 
Aug. 
Sept. 7 
Sept. 27-30 
Oct. 20-21 


Dec. 5-8 


calendar 


Gas Dynamics Colloquium on Combustion Instability in Solid Pro- 
pellant Rocket Motors, High Altitude Aerodynamics in Relation to 
Experimentation, and Electrical Propulsion Systems, respectively, 
Northwestern Univ., Evanston, III. 

ASME Gas Turbine Power and Hydraulic Conference, Rice Hotel, 
Houston, Tex. 

Symposium on Processing Materials for Re-Entry Structures sponsored 
by Midwest Chapter of The Society of Aircraft Material and Process 
Engineers, Miami Hotel, Dayton, Ohio. 

Conference on Mechanical Properties of Engineering Ceramics, North 
Carolina State College, sponsored by Office of Ordnance Research 
and NCSC. 

ISA Temperature Measurement Symposium, Deshler Hilton Hotel, 
Columbus, Ohio. 

ARS Ground Support Equipment Conference, Statler-Hilton 
Hotel, Detroit. 

Symposium on Optical Spectrometric Measurements of High Tem- 
peratures, Univ. of Chicago. 

National Conference on Aviation Education, Brown Palace Hotel, 
Denver, Colo. 

ASME American Power Conference, Sherman Hotel, Chicago, III. 
EJA Sixth Nuclear Congress, with ISA cooperating, New York, N.Y. 
Solar Energy Symposium, Univ. of Florida, Gainesville, Fla. 

AGARD Symposium on High Mack Number Airbreathing Engines, 
Milan, Italy. 

ASME Nuclear Congress and Exhibit, Coliseum, N.Y.C. 

American Meteorological Society Conference on Industrial Meteor- 
ology, Santa Barbara, Calif. 

ARS Structural Design of Space Vehicles Conference, Santa 
Barbara Biltmore, Santa Barbara, Calif. 

National Meeting of the Institute of Environmental Sciences, Biltmore 
Hotel, Los Angeles. 

Gas Dynamics Colloquium on Rapid Magnetic Compression in a 
Deuterium Plasma, Gas Dynamics and Boiling Heat Transfer, and 
Flow of lonized Gases, respectively, Northwestern Univ., Evanston, III. 
ASM Weather Radar Conference San Francisco, Calif. 

AIME Southwest Metals and Minerals Conference on Metals and 
Minerals for the Space Age, Ambassador Hotel, Los Angeles. 

Annual Heat Transfer Conference, Oklahoma State Univ., Stillwater. 
AGARD Boundary Layer Research Symposium, London. 

ASME Metals Engineering Div—AWS Conference, Hotel Biltmore, 
Los Angeles. 


American Society for Metals Tri-Chapter Meeting on Materials— 


Key to Spaceflight, Sheraton Gibson Hotel, Cincinnati, Ohio. 
American Meteorological Socety General Meeting with AGU, Wash- 
ington, D.C. 

ISA Sixth National Flight-Test Symposium, San Diego, Calif. 

IRE-AIEE Western Joint Computer Conference, San Francisco. 

ISA Third National Power Instrumentation Symposium, San Francisco. 
ARS Semi-Annual Meeting and Astronautical Exposition, Am- 
bassador Hotel, Los Angeles. 

ISA Instrument-Automation Conference and Exhibit, San Francisco. 
ISA, ARS, IAS, AIEE National Telemetering Conference, Mira- 
mar Hotel, Santa Monica, Calif. 

Japanese Rocket Society 2nd International Symposium on Rocketry 
and Astronautics, University Club, Tokyo. 

1960 Heat Transfer and Fluid Mechanics Institute, Stanford Univ., 
Stanford, Calif. 

ARS Propellants, Combustion, and Liquid Rockets Conference, 
Ohio State Univ., Columbus. 


3rd International Conference on Medical Electronics, sponsored by 
Institution of Electrical Engineers and International Federation for 
Medical Electronics, Olympia, London. 
11th International Astronautical 
Sweden. 

10th International Congress of Applied Mechanics, Congress Bldg.. 
Stresa, Italy. 

ARS Power Systems Conference, Miramar Hotel, Santa 
Monica, Calif. 

Hypervelocity Projection Techniques Conference, Univ. of Denver, 
Colorado. 

ARS Annual Meeting and Astronautical Exposition, Shoreham 
Hotel, Washington, D.C. 


Congress, Stockholm, 
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Soviet citizens who visited the exhibit, 

Dr. Turkevich stressed the point 
that U.S.-U.S.S.R. contacts in science 
may lead to better understanding, and 
related one anecdote which helped 
sum up the problem. He recalled ask- 
ing a young man, “Do you expect to 
go to the moon?” “Sure,” was the re- 
ply. “And when are you going to 
come to New York?” “Well, I don’t 
think I'm going to make it.” 

Afternoon sessions the same day 
centered on theoretical discussions of 
combustion instability and on combus- 
tion and ignition studies. 

The banquet the same evening at 
the Nassau Inn was preceded by a 
reception sponsored by Thiokol Chem- 
ical Corp. and Princeton. Ivan Tuhy 
was toastmaster at the banquet, with 
Richard D. Geckler, vice-president, 
solid rocket plant, Aerojet-General 
Corp., the featured speaker. 

In his address, entitled “Universities 
and Industry—Partners in Research,” 
he urged that universities confine 
themselves to basic research and leave 
applied research to industry, adding 
that, if industry “gets an uncontrollable 
impulse to do basic research, let it give 
financial support to the universities, 
rather than get confused about its own 
mission,” which, he felt, was to in- 
crease consumer goods. 

Morning sessions the following 
morning took up the mechanical as- 
pects of grain design and experimental 
work on combustion instability. 

The Friday luncheon was chaired 
by Preston Layton, with the featured 
address given by J. T. Grey, director 
of research planning for Thiokol. Dr. 
Grey’s topic was “Planned Research—A 
Prerequisite of Progress,” and in his 
address he listed four parameters in 
planning research. These are that the 
research shall provide corporate 
growth, income, scientific knowledge, 
and satisfaction. 

The meeting wound up with three 
informal round table discussions. The 
first, on combustion processes, was 
chaired by Dr. Summerfield; the sec- 
ond, on fluid-flow aspects of exhaust 
nozzles, by Dr. Grey; and the third, on 
mechanical properties of propellants 
and grain design, by E. H. Seymour 
of Reaction Motors. 

A field trip to the Forrestal Research 
Center proved very interesting to those 
in attendance. 

In addition to bringing out repre- 
sentatives of industry, government and 
military installations with an interest 
in solid rocket research, the meeting 
also drew representatives of 10 foreign 
countries, including the U.K., France, 
West Germany, Italy, Belgium, Swit- 
zerland, Israel, and the U.S.S.R. 

The Symposium dealt with six par- 
ticular areas of research: The com- 
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AiResearch is now in production on 
two greatly simplified hot gas steering 
control systems: a reaction control 
system for outer space flight stabili- 
zation and a hot gas actuator control 
system for terrestrial steering (in the 
atmosphere and under water). 

Both systems eliminate any need for 
pumps, heat exchangers, accumulators 
and other apparatus required in ear- 
lier control systems. And both systems 
utilize hot gas, operating off either the 
main engine or a separate fuel source. 

The gas in the outer space reaction 
control system is fed into a set of noz- 
zles which imparts spin to the missile 
to stabilize its flight through space. 

In the terrestrial hot gas actuator 
control system the gas is fed into an 
on-off controlled linear actuator which 
moves the fins controlling the missile’s 
attitude in the atmosphere or under 
water. This system also utilizes a con- 
cept developed from the AiResearch 
hydraulic “printed circuit.” This 
approach eliminates complicated 
plumbing, thereby decreasing the 
weight and increasing the reliability 
of the system. 


AiResearch is a pioneer, leading developer and manufacturer 
of hot gas systems and other nonpropulsive power systems 

for atmospheric, underwater and outer space missions. 

Your inquiries are invited. 


CORPORATION 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona 
Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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bustion of metals, the burning mech- 
anism of solid propellants under 
steady-state conditions, oscillatory and 
unstable combustion of solid rocket 
engines, solid propellant ignitability, 
advanced concepts of exhaust nozzle 
design, and the mechanical design of 
large solid grains from the standpoint 
of the properties of a visco-elastic solid. 

The Metals Session brought forth, 
among other things, some very inter- 
esting observations by Fassell of Aero- 
nutronic of the manner in which par- 
ticles of aluminum and magnesium 
alloy burn and the nature of the oxida- 
tion products, all based on simple ex- 
periments with metal powder in the 
several micron-size range injected into 
a gaseous fuel flame. Particles were 
trapped on cool collecting plates at 
various stages of oxidation, and it was 
seen in photomicrographs that the 
oxide formed a sturdy spherical shell 
of a certain size within which the 
metal melted and through which it dif- 
fused away. How to explain the size 
of the hollow shell, and how to intro- 
duce this into a theory of burning, was 


the subject of a vigorous floor debate, 
led mainly by Glassman of Princeton. 
Wood of Rohm and Haas showed some 
beautiful high-speed movies of the 
burning of metallized propellant at 500 
psi, showing how close or how far from 
the surface the particles started to 
burn. Aluminum over 80 microns did 
not ignite in the reaction zone, but 
particles less than 40 microns ignited 
reliably close to the surface. 

At the Combustion Processes Ses- 
sion, and later at the Round Table, 
opposing theories for the burning rate 
of composite solid propellants were dis- 
cussed. The granular diffusion flame 
theory of Summerfield of Princeton, 
originally presented at the 1958 ARS 
Annual Meeting, was opposed by 
Nachbar of Lockheed who offered a 
two-dimensional columnar diffusion 
flame model, by Spalding of London 
who offered a multistage reaction zone 
model, and by partisans of Friedman’s 
hypothesis that the monopropellant 
perchlorate flame determines the pro- 
pellant burning rate. However, the 
Summerfield theory remains the only 
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one at present that fits the observed 
pressure dependence of standard pro- 


pellants. A discussion of the mechan- 
ism of erosive burning was introduced 
by Vanderkerckhove of Brussels. 

The theoreticians had a stimulating 
session on the mechanisms of insta- 
bility and the mode of action of metal 
powder as a suppressant. By a very 
convineing analysis, McClure of APL 
showed that the solid grain itself par- 
ticipates in the transverse oscillatory 
modes, as well as the gas in the hollow 
cavity, and pointed out that a reactive 
flame zone is able to amplify the oscil- 
lations under a broad range of condi- 
tions. Cheng of Princeton, relying on 
the concept of a time lag in the flame 
zone between a pressure variation and 
the resultant burning rate variation, 
showed that combustible metal pow- 
ders suppressed instability by provid- 
ing an oscillatory heat release mechan- 
ism out of phase with the surface 
burning oscillation. McClure argued 
against the time lag concept, and was 
supported by Shinnar of Israel, whose 
paper was a theoretical demonstration 
that the flame zone could amplify an 
oscillation, in the special case of strong 
erosive burning, without calling upon 
the concept of a time lag in burning 
rate. The audience enjoyed the con- 
troversy. 

In a following session, the develop- 
ment people and the experimentalists 
helped to organize the known facts 
about instability. Outstanding papers 
were presented by Angelus of ABL 
and Price of NOTS. One of the most 
puzzling facts reported by Brownlee 
and Marble of CalTech was that the 
occurrence of instability seemed to de- 
pend on the “history” of the firing pe- 
riod up to that instant. For example, 
if a particular grain design showed in- 
stability after a measured time inter- 
val from ignition, the same grain 
should develop instability at an earlier 
time if some of it were first machined 
away to correspond to what had 
burned away. It did not. McClure 
offered a hypothesis in his theoretical 
paper that could account for this, but 
it was not proved. 

In the ignition part of the Sympo- 
sium, the papers were by the Summer- 
field group of Princeton and the Ryan 
group of the Univ, of Utah. They dif- 
fered sharply on the mechanism of 
ignition of composite propellants: 
Ryan relied on the theory of Hicks 
which is based on a runaway exo- 
thermic reaction in the solid phase, 
whereas Summerfield presented a new 
theory that described ignition as first a 
gasification of the propellant compo- 
nents and then a runaway reaction in 
the gas phase. The Summerfield 
theory gave a quantitative result for 
the ignition time that agreed with 
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shock tube experiments. Ryan’s data 
could be correlated by the Hicks 
theory, but with an ad hoc Arrhenius 
function. Further critical experiments 
seem to be necessary. Fishman of 
Stanford Research contributed inform- 
ally some results of his work on igni- 
tion by radiant energy which sup- 
ported the gas phase ignition theory, 
but others argued that solid-phase ig- 
nition is possible in nitrocellulose pro- 
pellants, if not in perchlorate com- 
posites. 

In the Nozzle Design and Thrust 
Control Session, the discussion was led 
off by a paper by Adelman and 
Keathley of United Research, who dis- 
cussed reliability, accuracy require- 
ments, and control requirements for 
solid engines of the ballistic type. 
Others discussed contour nozzles ver- 
sus conical nozzles, comparing test re- 
sults with theory. Great interest was 
aroused by a paper on plug nozzles by 
Berman and Crimp of GE. Not 
only is this type of nozzle a fascinat- 
ing fluid-mechanical device, but it 
seems to offer certain advantages in 
performance and compactness over 
the conventional Laval nozzle. How- 
ever, it is certainly more complex to 
construct and presents a cooling prob- 
lem, but whether such barriers are im- 
portant remains to be seen. Un- 
doubtedly, plug nozzles will appear 
on some liquid engines in the future, 
but it is not clear that they belong on 
solid engines. 

Last, but not least, the Symposium 
included two sessions on mechanical 
aspects of grain design. Williams of 
CalTech, who is also the chairman of 
the SPIA Committee on Structural In- 
tegrity, delivered a comprehensive lec- 
ture in which he outlined methods of 
analysis of strain distribution in grains, 
and then analyzed the problem of de- 
veloping a criterion for failure. One 
of the great difficulties is to insert in 
the analysis a realistic yet tractable 
mathematical model for the visco- 
elastic behavior of the elastomeric pro- 
pellant. It was on this point that a 
vigorous debate developed, in which 
Billheimer of Aerojet and Freudenthal 
of Columbia took part. A Rocketdyne 
group showed how these mechanical 
difficulties confronted the designer in 
the specific task of a two-million-pound 
thrust booster. Au of Hughes Aircraft 
also contributed to the discussion of 
strain distributions and criteria for 
failure, as did Vanderkerckhove of 
Brussels. | Some beautiful photoelastic 
pictures in color were shown by Wil- 
liams to show various stress distribu- 
tions. This part of the Symposium 
turned out to be one of the liveliest of 


all. 


Irwin Hersey and Martin Summerfield 
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DEVELOPMENT, 
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Specializing in the fields of 


® Rocket and Satellite Instrumentation 
@ Payload Systems 
© Solar and Stellar Pointing Systems 


®@ Guidance and Control Systems 


WRITE FOR BROCHURE 


Employment Opportunities Available 
for Scientists and Engineers with Above 
Average Abilities 


BALL BROTHERS RESEARCH CORP. 


INDUSTRIAL PARK BOULDER, COLORADO 
Hillcrest 2-2966 
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Date Meeting 


March 23-25 Ground Support 
Equipment 


Conference 
April 6-8 Structural Design of 
Space Vehicles 


ARS Semi-Annual 
Meeting and 
Astronautical 
Exposition 


May 9-12 


National Telemeter- 
ing Conference 


May 23-25 


July 18-19 Propellants, Combus- 
tion, and Liquid 
Rockets Confer- 


ence 


11th International 
Astronautical 
Congress 


Aug. 15-20 


Sept. 27-30 Power Systems Con- 


ference 


ARS Annual 
Meeting and 
Astronautical 
Exposition 


Dec. 5-8 


1960 ARS Meeting Schedule | 


Send all abstracts to Meetings Manager, ARS, 500 Fifth Ave., New York 36, N.Y. 


Abstract 
Location Deadline 
Detroit, Mich. Past 
Santa Barbara, Past 
Calif. 


Los Angeles, Calif. Past 


Santa Monica, Past 
Calif. 

Ohio State Univ. April 15 

Stockholm, Sweden April 15 


Santa Monica, Calif. June 24 


Washington, D.C. Aug. 25 


GSE Conference to Be Held in Detroit March 23-25 


An expected audience of 1200 per- 
sons will gather in Detroit this month 
for the ARS Ground Support Equip- 
ment Conference, to be held at the 
Statler Hilton Hotel March 23-25 un- 
der the auspices of the ARS Test 
Facilities and Support Equipment, and 
Logistics and Operations Committees, 
and the ARS Detroit Section. 

The program for the meeting, drawn 
up under the direction of B. J. Mel- 
drum of Chrysler Corp’s Missile Div., 
will schedule three classified and two 
unclassified technical sessions on the 
momings of the three-day meeting, 
thus leaving the afternoons open for 
three classified and two unclassified 
field trips. There also will be a special 
evening session. 

The conference will cover five main 
areas in these sessions: 1. A factual 
review of the types of problems en- 
countered in actual field experience 
with currently deployed equipment; 
2. a review of typical “second-genera- 
tion” missile ground support equip- 
ment; 3. a look at some high spots in 
advances in mechanical and electrical 
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ground support equipment; 4. an ex- 
amination of what the Russian compe- 
tition is doing; and 5. a summary of 
the unusual chemical, transportation, 
and legal risks involved in operation 
of the systems. 

Field trips will include classified 
tours of the Michigan Ordnance Mis- 
sile Plant, Detroit Arsenal, and Bur- 
roughs Corp.'s Military Electronic 
Computer Div., in addition to unclassi- 
fied trips to the Ford Scientific Labo- 
ratory and the General Motors Tech- 
nical Center. 

Three luncheons and a banquet also 
are scheduled. I. M. Levitt, director 
of the Fels Planetarium in Philadel- 
phia, will speak at the Wednesday 
luncheon on “The Moon—Target for 
Tomorrow.” The Thursday luncheon 
will be addressed by C. Stark Draper, 
director of the Instrumentation Labo- 
ratory and chairman of the Aeronau- 
tics and Astronautics Dept. at MIT, 
who will speak on “The Balance Be- 
tween Missile-Borne and Ground Sup- 
port Equipment.” 

The Friday luncheon speaker will 


be Maj. Gen. Ben I. Funk, the new 
commander of the San Bernardino Air 


Material Area. His subject will be 
“The Impact of Ground Support 
Equipment and Its Effect on the Bal- 
listic Missile Program.” The banquet 
speaker for Wednesday evening has 
not been announced. 

The Detroit Ordnance District is 
handling security arrangements for the 
meeting and has established a dead- 
line of March 11 for the return of 
clearance forms. These forms are 
bound into the program, but addi- 
tional copies are available from the 
ARS office in New York. Any clear- 
ance questions should be directed to 
Fain B. Patterson, Security Officer, 
Detroit Ordnance District, Detroit 11, 
Mich. 

“You will note the opening session 
of the conference (9:30 a.m., Wednes- 
day, March 23) is classified secret,” 
Mr. Meldrum noted. “Admission will 
be controlled by proper authorization 
document and the bearer’s identifica- 
tion (I.D. card or corporate “picture 
badge”—or equivalent). 

“It is expected that over 1200 per- 
sons will attend the opening session. 
A moment’s reflection will indicate the 
absolute impossibility of processing 
1200 such documents early on_ the 
morning of Wednesday, March 23. 

“Accordingly, the registration desk 
will be open on the afternoon and 
evening of Tuesday, March 22 from 
3:00 to 10:00 p.m. Please schedule 
your arrival in Detroit so that you can 
register Tuesday. Failure to do this 
will probably make it impossible for 
you to attend the opening session.” 

The program follows: 


Tuesday, March 22 


MIXER 
6:30-7:30 p.m. 


Under the auspices of: Beaver Precision 
Products, Ine., Burroughs Corp., Chrysler 
Corp., Continental Aviation and Engineer- 
ing Corp., Dearborn Machinery Movers Co., 
Inc., Electro Mechanical Products Co., 
Ford Motor Co., General Motors Corp., 
Kelsey-Hayes Co., Koebel Diamond Tool 
Co., Vickers, Ine., Wyandotte Chemical 
Corp. 


Wayne Room 


Wednesday, March 23 


WELCOMING MESSAGES 


9:00 a.m. Grand Ballroom 


B. J. Meldrum, Conference Program Chair- 
man 

G. Mennen Williams, Governor, State of 
Michigan 


TECHNICAL INTRODUCTION TO THE 
CONFERENCE 


9:00 a.m. Grand Ballroom 


Howard 8S. Seifert, President, AMERICAN 
Rocke? SocteTy 
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CARDOX CO. 


dry ice chamber 


FAN 


TEST AREA) 


Simple, easy, inexpensive. 
A fan blowing over a wire 
basket full of crushed dry ice 
will reduce chamber tem- 
| peratures from 0 to —70°F. 
A quick, low cost method for 


| making occasional or isolated 


cold tests. 


can help you achieve 


versatile... fast... low cost 


BELOW 
ENVIRONMENTAL 


TESTING 


3 immersion tank method 


For low cost production-line 
cold testing. Crushed dry ice 
or bulk liquid CO. is in- 
jected into an acetone, 
methanol or trichlorethylene 
base solution. Items to be 
tested are immersed in the 
slurry which has a tempera- 
ture of minus 109°F. An 
ideal method of making cold 
‘*shock’’ tests. 


CO, NOZZLE | 


direct discharge 
of liquid CO, 
Easiest, most efficient 


method for consistent, cold 
Fil testing in production opera- 


tions. Bulk liquid carbon 
o> dioxide is discharged directly 
a } into the test chamber. You 
TEST AREA | | get controlled test conditions 
wl from 0 to —100°F. in 60 


seconds or less. Best of all, 
one CO» storage tank can 
serve a battery of test 
chambers. 


indirect cooling method 


Bulk liquid CO» is dis- 
charged directly into refrig 
erant line or surge tank 
containing acetone, methanol 
or trichlorethylene type solu 
tion. Refrigerant is then 
pumped thru test chamber to 


reduce temperature by means 
of coil-type heat exchanger. 
Major advantage—no CO» 
atmosphere in test chamber 

an important factor 
where this condition is not 
desirable. 


This exclusive feature can save you up to 15% 


CARDOX”® PATENTED RE-CYCLING SYSTEM 
keeps Liquid CO. COLDER . . . minimizes vapor loss 


Low pressure liquid Carbon Dioxide stor- 
age tanks are located some distance 
from the point of use. Heat in the piping 
may vaporize a part of the liquid CO2 
so that vapor as well as liquid CO2 ar- 
rives at the nozzle. This is undesirable 
for several reasons. 


1. The vapor has reduced refrigerating 
effect and results in a loss of COv. 

2. The vapor causes intermittent dis- 

charge; discharge rate and control is 

affected. 

Starting may be delayed as large 

amounts of vapor must be discharged 

before pipe cools sufficiently to elim- 

inate creation of vapor. 

4. Vapor discharge can interfere with 


3 


temperature control accuracy. 


VAPOR RETURN LINE \ 


VAPOR PUMP 
LIQUID CO2 LINE 


The exclusive Cardox Re-Cycling System 
eliminates these disadvantages. 


Float valve just prior to the nozzle veg 


arates vapor from the liquid CO». 
vapor pump connected to a return line 
pumps the vapor back to the storage 
tanks. 

The new Cardox Re-Cycling System 
means greater efficiency, control and 
economy for users of bulk liquid CO: 
systems. 


CARDOX systems can be engineered to provide 
0° 


temperature ranges from 0 to —15 


For complete detailed information, or tech- 
nical assistance in setting up CO. testing 


chambers, write today: 


DIVISION OF CHEMETRON CORPORATION 
Dept. 1427 

840 N. Michigan Avenue, 
Chicago 11, Illinois 


March 1960 / Astronautics 


] 


63 


| 
| 
| ‘ 4 
| [ | | 
| | \ PUMP | 
— 
om 
‘AN 


PROBLEMS AND TRENDS IN GROUND 
SUPPORT EQUIPMENT 


(Secret) 


9:30 a.m. Grand Ballroom 


Chairman: Ray Eppert, Burroughs Corp., 
Detroit, Mich. 

Vice-Chairman: Richard J. 
roughs Corp., Detroit, Mich. 


Bur- 


#Army—Roy A. Pugh, Army Rocket and 
Guided Missile Agency, Huntsville Ala. 

+ Air Foree—Maf. Benjamin N. Bellis, Air 
Force Ballastie Missile Div., Los Angeles, 
Calif. 

#Navy— Capt. Jock J. Hinman, Bureau of 
Naval Weapons, Washington, D.C. 


LUNCHEON 


12:00 Noon Grand Ballroom 


Taylor, General 
Kelsey- 


Toastmaster: Leslie G. 
Manager, Aviation Divisions, 
Hayes Co., Detroit, Mich. 

Speaker: I. M. Levitt, Director, Fels Plane- 
tarium, The Franklin Institute, Phila- 
delphia, Pa. 


Subject: ‘The Moon—Target for Tomorrow.” 


FIELD TRIPS 


Buses will leave Statler Hilton Hotel from 
Bagley Street entrance for Tour 1, and from 
Washington Blvd. entrance for Tour 2. 


2:00 p.m. 


Michigan Ordnance Missile Plant 

(Confidential) 
fobert Wiltse, Chrysler Corp., 

Detroit, Mich. 

The field trip will consist of a tour through 
the design, laboratories, and advanced design 
areas. The group will view the fabrication, 
test, and checkout of Redstone and Jupiter 
missiles side by side on similar production 
lines. Also, the group will see the fabrica- 
tion of ground support equipment and _ its 
component parts for Redstone and Jupiter 
systems. The final area visited will be an 
outdoor display of a launch-site complex 
showing the placement of ground support 
equipment with a Jupiter missile a 
simulated tactical launch area. 


Tour 1 


Director: 


2:00 p.m. 


Ford Scientific Laboratory 
Director: Colver Briggs, Ford Motor Co., 
Detroit, Mich. 

Tour members will visit the Ford Rouge 
plant, the world’s largest concentration of inte- 
grated factorics, where raw ores are unloaded 
on the docks, smelted into iron, converted 
into steel, and transformed into engines, 
frames, bodies, and parts, and finally, com- 
pleted automobiles. The Rouge plant em- 
ploys 60,000 persons. 

After a stop at the Ford Rotunda, “Show 
Place of the Auto Industry,”’ tour members 
will be given a briefing on the company’s vast 
research and engineering programs, then tour 
the new 720-acre research and engineering 
center and experience a turn around the 
Dearborn test track. 


Tour 2 


NASA GROUND SUPPORT 
EQUIPMENT FOR SPACE VEHICLES 


8:00 p.m. Grand Ballroom 


Chairman: Jerry Lynch, General Manager, 
Aeronutronic, a Division of Ford Motor 
Co., Newport Beach, Calif. 

Vice-Chairman: Richard Morrison, Pro- 
fessor of Aeronautical Engineering, Univ. 
of Michigan, Ann Arbor, Mich. 

Speaker: Homer J. Stewart, Director, 
Office of Program Planning & Evaluation, 
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National Aeronautics and Space Adminis- 
tration, Washington, D.C. 


Thursday, March 24 


SECOND GENERATION OF GROUND 
SUPPORT EQUIPMENT SYSTEMS 


(Secret) 


9:00 a.m. Grand Ballroom 


Chairman: Hans Hueter, Army Ballistic Mis- 
sile Agency, Redstone Arsenal, Ala. 

Vice-Chairman: Edward Hayes, Kelsey- 
Hayes Co., Detroit, Mich. 

Minuteman Ground Support Equipment, 
Lt. Col. Francis K. Bagby, Air Force 
Ballistic Missile Div., Los Angeles, Calif. 

+ Polaris Ground Support Equipment, Cmdr. 
Creighton W. Cook, Bureau of Naval 
Weapons, Washington, D.C. 

¢Pershing Ground Support Equipment, 
Maj. Spencer Baen, Dept. of the Army, 
Office of Chief Research & Development, 
Washington, D.C. 


ADVANCES IN MECHANICAL 
GROUND SUPPORT EQUIPMENT 


9:00 a.m. Wayne Room 


Chairman: Harold Lipchik, American Ma- 
chine & Foundry Co., Santa Barbara. 
Calif. 

Vice-Chairman: Ed <A. Nielsen, Chrysler 
Corp., Missile Div., Detroit, Mich. 

¢Handling of Large Rocket Engines, 
Stanley R. Parker, Rocketdyne, North 
American Aviation Ine., Canoga Park, 
Calif. (1069-60) 

Transportation and Handling of the 
Saturn Booster, Julian 8S. Hamilton, Army 
Ballistic Missile Ageney, Redstone Ar- 
senal, Ala. (1070-60) 

+ Use of Standard Military Vehicles for Mis- 
sile Ground Support Equipment, Peter L. 
James, Chrysler Corp., Missile Div., De- 
troit, Mich. (1071-60) 

Handling and Launching Considerations in 
Missile Design, Michael L. Mastracci, 
American Machine & Foundry Co., 
Greenwich, Conn. (1072-60) 

+ Logistics, Supply, and Handling of Liquid 
Helium, John W. Marshall, Air Force 
Flight Test Center, Edwards AFB, Calif. 
(1073-60) 

Handling, Transportation, and Storage 
of Liquid Hydrogen, C. Lincoln Jewett 
and Arthur A. Fowle, Arthur D. Little, 
Ine., Washington, D.C. (1074-60) 


LUNCHEON 
12:00 Noon 


Toastmaster: Arch Colwell, Vice-President, 
Thompson Ramo Wooldridge, Inc., Cleve- 
land, Ohio 

Speaker: ©. Stark Draper, Director, In- 
strumentation Laboratory and Chairman, 
Department of Aeronautics and Astro- 
nautics, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

Subject: “The Balance Between Missile 
Borne and Ground Support Equipment” 


Grand Ballroom 


FIELD TRIPS 
Buses will leave Statler Hilton Hotel from 
Bagley Street entrance for Tour 3, and from 
Washington Blvd entrance for Tour 4. 


2:00 p.m. Tour 3 


Detroit Arsenal 

(Confidential) 
Director: Joseph B. Hayes, Ordnance Tank 
& Automotive Command, Detroit, Mich. 
The field trip through Ordnance Tank & 
Automotive Command facilities at the De- 


troit Arsenal will include visit and observation 
of activities in the land locomotion research 
laboratories, the low temperature labora- 
tories and model shops, and will feature 
specially prepared displays of ground support 
equipment under the cognizance of OTAC. 


2:00 p.m. Tour 4 


General Motors Technical Center 
Director: Donald H. Loughridge, General 
Motors Corp., Detroit, Mich. 

The tour will consist of observation of ae- 
tivities and facilities in the Research Lab- 
oratories. 


RECEPTION 


6:30 p.m. Wayne Room 


BANQUET 


8:00 p.m. Grand Ballroom 


Speaker to be announced 


Friday, March 25 


ADVANCES IN ELECTRONIC GROUND 
SUPPORT EQUIPMENT 


(Secret) 
9:00 a.m. 


Chairman: Malcolm P. Ferguson, Bendix 
Aviation Corp., Detroit, Mich. 

Vice-Chairman: Russell O’Neal, 
Aviation Corp., Ann Arbor, Mich. 

#How Much Automaticity for Checkout 
Equipment? Sidney I. Firstman, The 
Rand Corp., Santa Monica, Calif. 

+ Ballistic Missile Inertial Guidance Support 
Systems, Robert M. Mann, American 
Bosch Arma Corp., Garden City, N.Y. 

#Human Factors Requirements in Ground 
Support Equipment, Robert T. Eckenrode, 
Dunlap & Associates, Inc., Stamford, 
Conn. 

Failure Prediction—A Method of Prede- 
termining the Success or Failure of an In- 
dividual Missile, Allan T. Kneale Motorola, 
Inc., Phoenix, Ariz. 

+Advanced Automatic Checkout FEquip- 
ment, James Q. Maloy, Eclipse-Pioneer 
Div., Bendix Aviation Corp., Teterboro, 
N.J. 

Requirements and Trends in Standardiza- 
tion, Col. Thurston T. Paul, Army Ballistic 
Missile Ageney, Redstone Arsenal, Ala. 


Grand Ballroom 


Bendix 


RUSSIAN GROUND SUPPORT 
EQUIPMENT 


9:00 a.m. 


Chairman: Clarence J. Reese, Continental 
Aviation & Engineering Corp., Detroit, 
Mich. 

Vice-Chairman: John Squiers, Continental 
Aviation & Engineering Corp., Detroit, 
Mich. 

Russian Trends in Ground Support Equip- 
ment, Author to be announced. 


Wayne Room 


HAZARDS AND RISKS IN 
MISSILE SYSTEM HANDLING 


(Panel) 
10:00 a.m. Wayne Room 


Chairman: Harold W. Ritchey, Thiokol 
Chemical Corp., Huntsville, Ala. 

Vice-Chairman: John Squiers, Continental 
Aviation & Engineering Corp., Detroit, 
Mich. 


#Chemical Hazards in Handling Rocket 
Propellants, Alfred J. Zachringer, Ameri- 
can Rocket Co., Wyandotte, Mich. 

Transportation Problems and Risks (Fac- 
tory to Firing on Minuteman), George 
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NAVY USES HONEYWELL SYSTEM TO “CATCH” 
TV SIGNALS BOUNCED OFF TROPOSPHERE 


(Official U. S. Navy photographs) 


To determine the effects of frequency, distance, antenna size and 
scatter angle on TV and other wide-band transmission by means of 
tropospheric scatter links, the U.S. Navy Electronics Laboratory in 
San Diego, is using a 14-channel Honeywell Series 3170 Magnetic 
Tape System to record this valuable data. 


Microwave propagation paths of 90 and 190 miles and frequencies of 
1300, 3400 and 9400 megacycles are used for these studies. Peak 
values are recorded on magnetic tape as signals varying between 0 
to 100 cps. The frequency of this signal represents the fading rate 
of the incoming microwave signal. 


The recorded data can be played back to determine power spectrum, 
amplitude distribution and median signal level. The simplified speed 
control of the Honeywell system makes it easy to slow down the data 
for analog computation and digital analysis. 


The unique features of the Honeywell Series 3170 System can also 
provide an efficient solution to your data recording problem. For the 
full story on a system tailored to your needs, just give your Honeywell 
field engineer a call. MINNEAPOLIS-HONEYWELL, 10721 Hanna Street, 


Beltsville, Md. 


Honeywell 
Control 


SINCE 1885S 
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8” Disconnect Valve 


Western Worl 


@ 11” line size 
@ Cryogenic APF 
@ Combination a! 
flexible duct 
@ Lightweight. 


@ Minimum pres 
@ Missile qualifie 
@ Provides 


Successful performance of the Atlas 
has proven the feasibility of discon- 
necting large lines in flight in order 
to jettison booster engines or pro- 
pellant tanks. 

RMD-engineered disconnect valves 
are meeting the operational demands 
of Atlas and can be adapted to stag- 
ing concepts now current for global 
missiles and space vehicles. 

Disconnects from RMD are pres- 


Thiokol 


VALVES 


from Reaction Motors Division 


of Vhioko€ 


d's Largest Flying Val 


pplication 
sconnect 


6 
@ High flow 


d (Atlas) 
for angular and axia 
lateral displacement 


advanced concepts in 


vehicle and large missile configurations 


ve, at left: 


(liquid oxygen) 
—-check valve— 


| misalignment and 
of mating ducts 


ently available in a variety of line 
sizes—from 4” to 11”. They’re light- 
weight, compact and are designed 
to handle cryogenic, conventional, 
exotic and corrosive fluids and 
storables. 


Whether your assignment involves 
the planning of tomorrow’s missiles, 
or the refining of those now opera- 
tional . . . look to RMD for the right 
propulsion system components. 


® 
CHEMICAL CORPORATION 


Ford Road, Denville, New Jersey 
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Drakely, Boeing Airplane Co., Seattle, 
Wash. 

+Legal Aspects of Missile Handling, G. Ver- 
non Leopold, Special Committee on Space 
Law, State Bar Assn. of Michigan, De- 
troit, Mich. 


LUNCHEON 


Grand Ballroom 


Toastmaster: Harold R. Boyer, Vice- 
President, General Motors Corp., Defense 
Systems Division, Detroit, Mich. 

Speaker: Major General Ben I. Funk, 
Commander, Hq., San Bernadino Air Ma- 
terial Area, Air Material Command, Nor- 
ton AFB, Calif. 

Subject: ‘‘The Impact of Ground Support 


12:00 Noon 


Equipment and Its Effect on the Ballistic 
Missile Program” 


FIELD TRIP 


2:00 p.m. Tour 5 


Burroughs Corp. 

Military Electronic Computer Div. 
(Confidential) 
Richard J. Egger, 
Corp., Detroit, Mich. 

The tour through Burroughs will include 
viewing of the modern assembly and testing 
equipment used in the division, including the 
areas used for AN/FST-2 radar data process- 
ing systems and the Atlas ballistic missile 
guidance computer. Visitors also will be 
shown the recently automated printed circuit 
production area. Attendance will be limited. 


Director: Burroughs 


Conference on Structural Design of Space Vehicles 
Set for April 6-8 at Santa Barbara Hilton 


Varying markedly from the estab- 
lished format of specialist conferences, 
the first meeting organized by the 
ARS Structures and Materials Com- 
mittee will be held April 6-8 at the 
Santa Barbara Biltmore Hotel in Santa 
Barbara, Calif. 

The meeting, which will gather an 
expected 500 to 600 specialists in this 
essential design field, will review, dis- 
cuss, and analyze recent developments 
in materials, requirements, and syn- 
thesis. The three-day meeting, Struc- 
tural Design of Space Vehicles Con- 
ference, will feature a total of five 
sessions and an informal dinner, with 
some 24 unclassified papers scheduled 
for presentation. 

However, the customary morning- 
and-afternoon pattern of sessions will 
be replaced by a morning-and-evening 
session format to take advantage of 
the pleasant climate and to offset the 
lack of night-time activity in Santa 
Barbara. 

“The conference setting, the infor- 
mal dinner, the surroundings,” George 
A. Hoffman of Rand Corp., program 
chairman for the conference, said, 
“were carefully chosen to attract a 
selected audience, one that could bet- 
ter enhance its knowledge and _pro- 
ficiency in structures and materials by 
a brief absence from the press of daily 
decision-making. 

“The session topics cover some prob- 
lems arising at first during boost, next 
when in orbit, and finally during re- 
entry and landing. A session to em- 
phasize the structures—-materials as- 
pects of space-frames is followed by 
the concluding report on planned and 
existing vehicles, with laboratories and 
government planning agencies pre- 
senting as wide a spectrum of unre- 
stricted views as possible, thus stimu- 
lating interest in a variety of opinions 


and solutions to the coming problem of 
structures for spaceflight.” 
The complete program follows: 


Wednesday, April 6 


STRUCTURAL CRITIERIA AND DE- 
SIGN REQUIREMENTS DURING 
LAUNCH AND ATMOSPHERIC FLIGHT 


9:00 a.m. 

Chairman: George A. Hoffman, The Rand 
Corp., Santa Monica, Calif. 

Vice-Chairman: Frederick L. Bagby, Bat- 
telle Memorial Institute, Columbus, Ohio, 


Loggia Room 


+ Design Criteria for Space Vehicles to Resist 
Wind Induced Oscillations, A. A. Ezra and 
S. Birnbaum, The Martin Co., Denver, 
Colo. (1081-60) 

+The Application of Optimum Design Meth- 
ods to the Thermostructural Optimization 
of High-Speed Missiles, Milton H. Schnei- 
der, Douglas Aircraft Co., Santa Monica, 
Calif. (1082-60) 

4#Winged Booster Structures and Design, 
Kenneth E. Hogeland, Convair-Astro- 
nautics, San Diego, Calif. (1083-60) 

¢4Stability of Orthotropic Cylindrical Shells 
under Combined Loading, T. E. Hess, Gen- 
eral Electric Co., Philadelphia, Pa. 
(1084-60) 

Structure Weight and Configuration Esti- 
mating Data for Very Large Liquid Boos- 
ters, David K. McKinley, Aerojet-General 
Corp., Azusa, Calif. (1085-60) 


DINNER 


6:00 p.m. Coral Casino 


Toastmaster: Howard S. Seifert, President, 
AMERICAN* ROCKET SOCIETY. 

Speaker: Milton U. Clauser, Director, 
Physical Research Laboratories, Space 
Technology Laboratories, Ine., Los 
Angeles, Calif. 


STRUCTURAL AND MATERIAL DESIGN 
OF SPACE VEHICLES IN ORBIT 
7:30 p.m. 


Chairman: Raymond Bisplinghoff, Massa- 
chusetts Institute of Technology, Cam- 
bridge, Mass. 


Loggia Room 


Vice-Chairman: Wolfgang H. Steurer, Con- 
vair, San Diego, Calif. 
Design Considerations for Manned Space 


Stations, Kurt R. Stehling, National Aero- 
nautics and Space Administration, Wash- 
ington, D.C. (1086-60) 

Liquid Hydrogen Transport Time Limits in 
Space, Charles C. Love Jr., Convair-As- 
tronautics, San Diego, Calif. (1087-60) 

Research on Automatic Erecting Struc- 
tures Applicable to the Design of a Manned 
Space Station, Emanuel Schnitzer, Na- 
tional Aeronautics and Space Administra- 
tion, Langley Field, Va. (1088-60) 

Structural Limitations on the Impulsive- 
ness of Astronautical Maneuvers, Murray 
Kornhauser, General Electric Co., Phila- 
delphia, Pa. (1089-60) 


Thursday, April 7 
PROBLEMS OF RE-ENTRY AND 
LANDING ON SOLAR PLANETS 

9:00 a.m. 


Chairman: Max L. Williams, California In- 
stitute of Technology, Pasadena, Calif. 

Vice-Chairman: Nathan Promisel, Navy 
Bureau of Weapons, Washington, D.C. 


Loggia Room 


+Vehicles for Exploration on Mars, Francis 
T. Cartaino, The Rand Corp., Santa 
Moniea, Calif. (1090-60) 

Materials for Re-entry, S. Ruby, Aveo Re- 
search Laboratory, Wilmington, Mass. 
(1091-60) 

+#Thermostructural Design of Entry Vehicles 
for Venus and Mars, Henry T. Ponsford, 
and Robert M. Wood, Douglas Aircraft 
Co., Santa Monica, Calif. (1092-60) 

Application of Inflated, Expandable Strue- 
tures to Orbital Flight and Re-entry, 
Frank B. Sandgren and James T. Harris, 
Goodyear Aircraft Corp., Akron, Ohio. 
(1093-60) 

+Particle Impacts on the Melt Layer of an 
Ablating Body, Edward W. Ungar, Battelle 
Memorial Institute, Columbus, Ohio. 
(1094-60) 


SPECIAL STRUCTURALAND MATERIALS 
PROBLEMS IN PRESSURE VESSELS 
AND OTHER COMPONENTS 


7:00 p.m. 

Chairman: Alan V. Levy, Hughes Tool 
Co., Culver City, Calif. 

Vice-Chairman: Frederick L. Bagby, Batelle 
Memorial Institute, Columbus, Ohio. 


Loggia Room 


+Analytical Design Concepts Derived Spe- 
cifically for Developing New or Existing 
Alloys for Cryogenic Use, K..R. Agricola, 
N. Ida, and F. R. Schwartzberg, The Mar- 
tin Co., Denver, Colo. (1095-60) 

¢Space Structure Design with Composite 
Materials, Hans U. Schuerch, Astro Re- 
search Corp., Santa Barbara, Calif. 
(1096-60) 

¢Critiera for Meteorite Protection, Robert 
A. Gemmell, United Aircraft Corp., East 
Hartford, Conn. (1097-60) 

4#Composite Materials, E. Scala, Aveo Re- 
search Laboratory, Wilmington, Mass. 
(1098-60) 

Design Criteria and Analyses for Thin- 
Walled Pressurized Vessels and Interstage 
Structures, Thomas J. Hart, Lockheed 
Aircraft Corp., Menlo Park, Calif. 
(1099-60) 


Friday, April 8 
DESIGN REPORTS ON PLANNED OR 
EXISTING VEHICLES 
9:00 a.m. Loggia Room 


Chairman: George Gerard, New York Uni- 
versity, New York, N.Y. 

Vice-Chairman: Edward A. Simkovich, Re- 
public Aviation Co., Farmingdale, N.Y. 
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EXPLORING T 


Lockheed’s interest in the virtually unknown 360,000,000 cubic miles 
of this planet’s oceans, stems naturally out of its underwater environmental 
development work with the Navy’s POLARIS Fleet Ballistic Missile. 
Proposed studies in the increasingly important field of oceanography 
include: oceanographic research vessels; measuring iistruments; data 
collection systems; underwater communication and navigation; and basic 
research regarding natural phenomena and military aspects of the deep sea. 


HE WORLD OF WATER 


Division Diversification— Oceanography is typical of Lockheed Mis- 
siles and Space Division’s broad diversification. The Division possesses 
complete capability in more than 40 areas of science and technology — 
from concept to operation. Its programs provide a fascinating challenge 
to creative engineers and scientists. They include: celestial mechanics; 
computer research and development; electromagnetic wave propaga- 
tion and radiation; electronics; the flight sciences; human engineering; 
magnetodynamics; man in space; materials and processes; applied 
mathematics; operations research and analysis; ionic, nuclear and 
plasma propulsion and exotic fuels; sonics; space communications; 
space medicine; space navigation; and space physics. 


Engineers and Scientists — Such programs reach far into the future 
and deal with unknown and stimulating environments. It is a reward- 
ing future with a company that has an outstanding record of progress 
and achievement. If you are experienced in any of the above areas, 
or in related work, please write: Research and Development Staff, 
Dept. C-14, 962 W. El Camino Real, Sunnyvale, California. U.S. 
citizenship or existing Department of Defense clearance required. 


Lockheed 


MISSILES AND SPACE DIVISION 


Prime Contractor for the Navy POLARIS FBM; 
the Air Force AGENA Satellite in the DISCOVERER Program and the MIDAS 
and SAMOS Satellites; Air Force X-7; and Army KINGFISHER 


SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIFORNIA 


CAPE CANAVERAL, FLORIDA e ALAMOGORDO, NEW MEXICO # HAWAII 


¢Structural Design of the Tiros Meteorologi- 
cal Satellite, Robert W. Northup, Radio 
Corp. of America, Princeton, N.J. 

(1100-60) 

Structural Design of a Manned Satellite 
Laboratory, J. W. Bilodeau and D. M. 
While, Chance Vought Aircraft, Inc., 
Dallas, Texas. (1101-60) 

+ Design Considerations for the Explorer VI 
Payload Structurers, Phillip N. Anderson, 
Space Technology Laboratories, Los An- 


Maryland Space Education 
Institute Takes a Challenge 


The challenge of education reveals 
a society’s strength in depth. The 
need for more and continually im- 
proving public education in astro- 
nautics forms part of the educational 
challenge today. 

The response to this need by the 
ARS Maryland Section and the Univ. 
of Michigan, working in cooperation, 
has been a Space Education Institute, 
which has already been through a 
successful term. 

The two institutions renew their 
efforts this spring with a Space Educa- 
tion Institute running from February 
29 to May 2. Being held at Symonds 
Hall, College Park, Md., the Institute 
will comprise nine sessions, as follows: 
Impact of the Space Age on Society— 
Charles W. Chillson; Rockets and 
Spaceflight—Milton W. Rosen; Space 
Propulsion Systems—William C. 
Cooley; Man’s Functions in Space 
Travel—Milton A. Grodsky; Controls 
and Guidance for Rockets—Giles S. 
Strickroth; Educational Requirements 


Liquid Conference 


geles, Calif. (1102-60) 

+A Proposed Ground and Flight Program 
to Develop Space-Age Materials, Morris 
Steinberg, J. Fox, and Bruno Augenstein, 
Lockheed Aircraft Corp., Palo Alto, Calif. 
(1103-60) 

+ Development of the Capsule Pressure Ves- 
sel for Project Mercury, Fred Sanders, 
McDonnell Aircraft Corp., St. Louis, Mo, 
(1104-60) 


for the Space Age—Joseph M. Row- 
land; The Rocket as a Research Ve- 
hicle—Warren W. Berning; Satellites 
and Interplanetary Travel—Peter A. 
Castruccio; and Science Teaching and 
the Space Age—Robert Carleton. 

The stated objectives of this Insti- 
tute seem worth repeating here: 

1. To make available to educators 
and other interested adults informa- 
tion related to space science that is 
not readily available in published form. 

2. To mitigate against misinforma- 
tion and reduce educational lag. 

3. To relate science teaching to 
contemporary trends. 

4. To show the integration of math- 
ematics, science, social studies, hu- 
manities, and fine arts in the Space 
Age. 

5. To familiarize educators and 
other interested adults with the new 
terminology of the Space Age. 

The fee for attending all nine ses- 
sions of the Institute is $14 per per- 
son. Requests for additional informa- 
tion and registration forms may be ad- 
dressed to the Director of Institutes, 
Univ. of Maryland. 


To Be Held at Ohio State Univ. July 18-19 


An ARS Liquid Rockets and Pro- 
pellants Conference will be held July 
18-19 at the Ohio Union Building, 
Ohio State Univ., Columbus, Ohio. 
Prompted by the enthusiastic response 
to a similar meeting last summer, it 
will be jointly sponsored by the ARS 
Liquid Rocket and Propellants and 
Combustion Committees. 

General Chairman for the confer- 
ence is Loren E. Bollinger of the De- 
partment of Aeronautical Engineering 
at Ohio State. Program co-chairmen 
are Alexis W. Lemmon Jr., of Battelle 
Memorial Institute, Columbus, repre- 
senting the Propellants and Combus- 
tion Committee, and Martin Gold- 
smith, Rand Corp., Santa Monica, 
Calif., representing the Liquid Rocket 
Committee. 

Several unclassified technical ses- 
sions are being planned, and some ses- 
sion chairmen have already been ap- 
pointed. In the propellants area, ses- 
sions and chairmen are: Storable pro- 
pellants, Clair M. Beighley, Aerojet; 
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monopropellants, Charles J. Marsel, 
NYU; and properties and thermody- 
namics, J. D. MacKenzie, GE Re- 
search Labs. Additional sessions in 
the area of liquid rockets and general 
sessions will be announced shortly. 

Papers for presentation at the con- 
ference should be submitted to the 
session chairmen or program co-chair- 
men. Deadline for papers is April 15, 
although brief abstracts of planned 
papers would be welcomed in advance 
of that date. 


IAF Abstract Deadline 


ARS members wanting to submit 
papers for presentation at the 11th 
International Astronautical Congress, 
August 15-20, at The Royal Institute 
of Technology in Stockholm, Sweden, 
must send abstracts in English to reach 
the ARS Program Committee, 500 
Fifth Avenue, N.Y. 36, N.Y., by April 
15th. 


Technical Committee 
Coordinator 


Brooks T. Morris of Marquardt Corp., 
1959 ARS National Program Commit- 
tee Chairman, has been named Coor- 
dinator of Technical Committees for 
the coming year by ARS President 
Howard S. Seifert. 


Another ARS Conference 
Added to Meeting Schedule 


Another ARS special subject con- 
ference was approved by the Board 
of Directors at its meeting in New York 
on January 27. It will be a Power 
Systems Conference, to be organized 
by the Power Systems Committee and 
held at the Miramar Hotel in Santa 
Monica, Calif., Sept. 27-30. 


Three More Companies 
Become ARS Corporate Members 


Three more companies have become 
corporate members of the AMERICAN 
Rocker Society. The companies, 
their areas of activity, and those named 
to represent them in Society activities 
are: 

Bourns, Inc., Riverside, Calif. 
manufacturer of position, pressure, and 
acceleration transducers for control, 
ground support, and_ telemetering; 
leadscrew-actuated potentiometers; re- 
sistors; switches. Representing the 
company in ARS activities are A. J. 
Unetic, vice-president and Instrument 
Div. general manager; E. J. Geop- 
pinger, director of sales; J. H. Pam- 
perin, vice-president and Trimpot Div. 
general manager; D. P. Vaughan, di- 
rector of sales; and D. F. Royce, as- 
sistant to the president. 


Electro-Optical Systems, Inc., Pasa- 
dena, Calif., producer of ion and 
plasma propulsion systems; energy 
conversion and advanced power sys- 
tems; space defense systems; and en- 
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CHECKUP on your Control Valves... 
CHECKOFF these Annin ite 


MINIMUM number of parts per 
complete valve. 


OVER 60,000 successful case 
histories of split body 
valve applications. 


POSITIONING ACCURACY 
guaranteed, .001 inch 
per inch of stroke. 


CONSTANT INSTRUMENT signal 


\ / sensitivity throughout signal range. 
\ 4 
‘\ / * COMPLETE INTERCHANGEABILITY 
rs Any other of any Domotor valve to on-off 
pneumatic control, pneumatic 
Fs source might hydraulic, electro hydraulic, 
e 
give you electro pneumatic or 
manual actuator. 
a few... 
ENGINEERED FOR MANUAL 
but with control with any of the above 
e automatic actuators, if desired, 
Annin you at minimum cost. 
get them all! SIMPLIFIED ADDITION of high speed 
= 3 booster units to any pneumatic 


positioning actuator. 


ADAPTABILITY of bellows seal, 
doolseal or plain extension to any 
standard valve. 


BODY SIZES from 1/4,” up. 


COMPLETE LINE of body ratings: 
600— 1500— 2500 Ibs. ASA; 

special 10,000 and 60,000 psig design, 
temp. —450°F to 1600°F. 


CONVERSION FROM globe body 
to angle body construction with only one 
additional part. 


ADAPTABILITY TO 3-WAY Valve 
Construction with minimum 
parts and cost. 


MINIMUM COST for change from 


soft seat construction to hard seat, 
or vice versa. 


THE ANNIN COMPANY 


First in a series of checklists 1040 South Vail Avenue 
on Annin features. T0107 VAL VES Montebello, California 
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gaged in advanced optical guidance 
and homing techniques and solid state 
physics. Named to represent the com- 
pany in ARS activities are: Irving 
Weiman, senior physicist, Solid State 
Div.; Joseph Neustein, principal sci- 
entist, Energy Research Div.; Duane 
D, Erway, and Water R. Menetrey, 
staff engineers, Energy Research Div.; 
and John Teem, senior scientist, Fluid 
Physics Div. 


Johns-Manville Sales Corp., New 
York, N.Y., manufacturer of insulating 
materials and reinforced plastics and 
molders of finished parts. Named to 
represent the company are D. L. Hin- 
mon, vice-president and general man- 
ager, Industrial Insulations Div.; E. 
F. Briggs, sales manager, Aviation 
Products; S$. A. Tompkins, manager, 
nuclear energy; L. M. Hedges, staff 
manager, Aviation Products; and J. A. 
Morgan, sales manager, Aviation Prod- 
ucts-Pacific Coast. 


A Space Trip to Japan 


Last fall, Col. John P. Stapp, recent ARS president, Lt. Col. David G. Simons, 
and Col. K. E. Pletcher, all of the USAF, attended the meeting of the Japanese 
Rocket Society at Tokyo Univ. and gave papers on space medicine. Above, the 
participants at the space-medicine session, with Prof. Hideo Itokawa (far left), 


JRS Director and ARS member, and other JRS members. 


SECTIONS 


Central New York: Under the 
auspices of its Education Committee, 
the Section has begun a youth educa- 
tion lecture series. To inaugurate this 
series, Donald U. Bessette, of GE’s 


Chicago Sections Hear IGY Results 


P 


A recent joint meeting of Chicago ARS and IAS sections heard John P. Hagen 
of NASA discuss “What We Learned with Satellites During the IGY.” Above, 
C. C. Miesse, president of the ARS Section, presides as the meeting gets under- 
way, with Joe Islinger, IAS Section president, on his right. 


Left to right, Ed Hammer, Ray Waugh, and Jess Brown of the Univ. of Michigan 
Chapter discuss its Project Trisos, a design study of a vehicle for intersolar- 


system cruising. 
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Defense Systems Dept., gave an ex- 
tensive talk to Boy Scout Troop 30, 
Syracuse, N.Y., on rocket fundamen- 
tals. 

The Education Committee, while 
not quite four months in operation, 
has organized efforts to (1) sponsor, 
locally, a Boy Scout merit badge in 
rocketry, (2) procure funds for a one- 
year college scholarship, (3) present 
a series of lectures covering basics of 
guidance, propulsion, and_ structures 
to the high school science clubs in the 
metropolitan Syracuse area, (4) pro- 
vide lecturers to interested civic or- 
ganizations, and (5) participate in a 
Saturday morning TV program called 
“Ten O'Clock Scholar.” 

—C. M. Clarke 


Chicago: The Section was host to 
a joint meeting with the IAS Decem- 
ber 9, at which John P. Hagen of 
NASA presented an illustrated lecture 
on “What We Learned with Satel- 
lites During the IGY.” 

Dr. Hagen explained that prior to 
the IGY probing of the upper atmos- 
phere was limited to about 150 miles 
with rockets. From these tests, it was 
learned that the ionosphere was not 
composed of distinct layers, as had 
been previously supposed, and_ that 
electron density increased up to a cer- 
tain limit. Temperature measure- 
ments were also made in these tests. 

From IGY data, it was possible to 
compare the atmospheric model pos- 
tulated by rockets with quantities ac- 
tually measured by satellites. Density 
was determined from drag measure- 
ments and by observing orbits. “Tem- 
perature was then calculated from 
pressure and density measurements. 

It was also possible to compare the 
radiation of cosmic rays with the Van 
Allen findings. Instead of two dis- 
tinct belts, it now appears that there 
is but one, which follows the lines of 
force of the geomagnetic poles. High- 
speed electrons and protons come in 
from space and are reflected back and 
forth between the poles. Man in space 
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could travel through this belt rapidly, 
but could not stay in an orbit in it for 
extended lengths of time. 

In conclusion, Dr. Hagen stated 
that work will continue at a higher 
level than that done during the IGY. 

—R. G. Warder Jr. 


Cleveland-Akron: The  Section’s 
January meeting, held jointly with the 
local ASME Section, went off quite 
successfully. Highlights of the eve- 
ning included an interesting talk, a 
fine dinner, and a delightful cocktail 
hour. 

Dave Mallon, of the Allison Div. 
of General Motors, discussed “The 
Stirling Cycle and Its Application for 
Space Power.” His talk, including 
slides and a demonstration unit, em- 
phasized the merits of this cycle rela- 
tive to a mercury Rankine cycle for 
low-power space applications. This 
particular comparison was thoroughly 
enjoyed by the many Thompson Ramo 
Wooldridge personnel in the audience, 
who are the original proponents of the 
mercury Rankine cycle. A vigorous 
question-and-answer session followed 
the talk, with the issue far from 
settled in the end (as expected). 

TRW sponsored the cocktail hour 
held at their Auto Museum. A dis- 
play of advanced, high-performance 
TRW hardware and concepts, in the 
form of models, was also provided. 

—Richard G. Gido 

Kansas City: At the January dinner 
meeting, the following new Section of- 
ficers were installed: Charles R. 
Burke, president; Paul L. Klevatt, vice- 
president; Stanley F. Mathews, treas- 
urer; and Fred J. Bergman, secretary. 
Guest speaker for the evening was 
Col. Russel E. Felix, USA, who dis- 
cussed “The Army Missile Program.” 
Col. Felix, who is with the Depart- 
ment of Nuclear Weapons and Ve- 
hicles, used slides and a motion pic- 
ture to highlight his discussion of 
Army missiles, warheads, and the tac- 
tical usage of various weapons. This 
was an especially gala affair because 
one year ago on this date Col. John P. 
Stapp, USAF, presented us with our 
charter. 

—F. J. Bergman 

Northern California: In December, 
the following officers were elected for 
terms in 1960: Bernard Ellis, presi- 
dent; C. Fred Hansen, vice-president; 
Howard M. Kindsvater, secretary; 
Norman Fishman, treasurer. 

—C. Fred Hansen 

Pacific Northwest: The December 
meeting, held in the Health Science 
Building of the Univ. of Washington, 
heard George $. Sutherland, of Boe- 
ings Advanced Systems Research 
group, discuss recent advances in 
Space propulsion. 


ORDCO- 


i building the best in Safety and Arming devices for destructoPand prima- 
cord initiation systems, ORDCO uses the same reliable design for each f 
tion. The design typifies ORDCO’s unique experience, ingenuity and 

which can solve your ordnance problems and lop your ideas. 


ORDCO’s Safety and Arming device, with, dual explosive train, is used f 
shaped charges and primacord initiation. It meets all MIL specications : 
missile environment. Actuated by 28-v DC 
and 1.23 Ibs. and 


ORDNANCE RESEARCH & DEVELOPME 


division of Bermite Powder Co. - 6856 Tujunga Ave., North Hollywood, Calif. 


New Gateway to Achievement 
in Astronautics and Aeronautics 


Republic Aviation’s 
New Research & Development Center 


' Engineers and scientists whose minds are challenged by unsolved 
problems across the entire spectrum of technologies concerned with 
space exploration and upper atmosphere flight, are invited to inquire 
about the exceptional facilities for both theoretical and experimental 
investigations provided by Republic’s new Research and Development 
Center (scheduled to open Spring 1960). 


Senior level openings exist in the following areas: 
Space Electronics (Guidance, Navigation, Communications) / Hydromagnetics / 
Advanced Computer Technology / Applied Mathematics / Nuclear Power Packages 
/ Space Environmental! Studies (Life Science) / Celestial Mechanics / Hypersonics ; 
Electronic Theory / Plasma Physics Radiation Studies / Re-entry Techniques 
/ Materials Research & Development / Fluid Mechanics 


Please forward resumes to: Mr. George R. Hickman 
Technical Employment Manager, Dept. 3C 


STE 


Farmingdale, Long Island, New York 
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Resistance 
Thermometers 
Dy ...... 


| REC specializes in platinum resist- 
ance thermometers of exceptional 
stability and high calibration ac- 

curacy. 


MODEL 172 series is a miniature 
element encased in a_platinum- 
rhodium tube, useful from —260 to 
750° C or up to 1100 C for short 
term use, and having a resistance of 
100 ohms at 0° C, with other values 
available. It can be cemented or 
clamped to a surface, inserted in a 
hole, or molded into a body. 


MODEL 172 
(actual size) 


MODEL 152 probe features open 
platinum wire supported at inter- 
vals, resulting in extremely fast 
response and excellent thermal iso- 
lation between the element of the 
probe and the head of the probe. 
It is primarily intended for gases at 
moderate and low velocities, useful 
from —260 to +260° C or higher. 


MODEL 152 
(1/3 size) 


MODEL 150 probe features a min- 
iature element, only 0.160 OD out- 
side the guard tube. It is useful 
from —260° C up, and finds wide 
applications in LO» and LHe, and 
is available with various immersion 
lengths and is normally mounted 
by a flare fitting. 


MODEL 150 
(1/2 size) 


MODEL 168A series probe uses a 
precision platinum resistance sens- 
ing element which is fully supported. oom 
by a ceramic insulation. The ele- 
ment is protected by a stainless 
steel guard tube with additional 
support at the element tip for max- 
imum protection to flow. The tem- 
perature range is +-700° F to —435° 
F, and has a normal resistance of 
1380 ohms at 0° C. 


MODEL 168 
(1/5 size) 


Write for further information.... 
ROSEMOUNT 


ENGINEERING 
COMPANY 


Minneapolis 24, Minn. 


DEPT. MR-1 


4900 West 78th St. 


We also make a wide variety of temperature probes 
for airplanes, missiles, rockets 
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Section officers elected at this meet- 
ing for terms in 1960 were D. M. Van 
Ormum, president; F. D. Reynolds, 
vice-president; R. W. Carkeek, secre- 
tary; and R. L. Farmer, treasurer. 

—Richard W. Carkeek 


Southern Ohio: Four successful 
meetings have characterized the activi- 
ties of the Section recently. 

At its most recent dinner meeting, 
December 15, the Section was host 
to Walter A. Good, physicist of Johns 
Hopkins Univ., and A. A. Hafer, of 
GE’s_ Aircraft Nuclear Propulsion 
Dept. Dr. Good spoke on, “Twenty 
Years with Radio-Controlled Model 
Planes,” and Mr. Hafer discussed, 
“Mission Considerations for Nuclear 
Propulsion.” More than 60 people 
attended the dinner, which was jointly 
sponsored by the local ARS, AIEE, 
and IRE sections. Over 125 people 
were guests after dinner during the 
talks. 

At the November meeting, Elmer P. 
Warnken, president of the Cincinnati 
Testing Laboratories, spoke to mem- 
bers of ARS and members of the In- 
stitute of Environmental Sciences on 
“High-Temperature Plastics in Mis- 
silery.” 

In October, Ernst Steinhoff, direc- 
tor of the missile department of Avco’s 
Crosley Div., was guest speaker, dis- 
cussing “The Role of Electronics in 
Space Research.” Dr. Steinhoff has 
been in the U.S. since 1945. Before 
then he lived in Germany, where dur- 
ing WW II he was technical director 
of flight mechanics, ballistics, guid- 
ance, and control and electronics at 
Peenemunde. 


Southwestern Michigan 
Section Chartered 


John D. Moeller (left), president of 
the new Southwestern Michigan Sec- 
tion, receives ARS charter from 
Charles W. Williams, past president 
and one of the founders of the Detroit 
Chapter, at ceremonies in Kalamazoo, 
Mich., where the Section is head- 
quartered. 
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In September, Col. John P. Stapp, 
then ARS president, spoke before a 
joint meeting of the local IRE and 
ARS section on “Manned Versus Un- 
manned Space Observations.” Aug- 
menting his talk were slides and 
movies showing what happens to hu- 
man volunteers who ride high-speed 
rocket sleds, swings, catapults, and 
other decelerating devices. The mo- 
tion picture demonstrated what the 
human body can stand when it is 
traveling at high speed and is stopped 
quickly. Over 100 people attended 
this meeting. 

—Richard E. Stockwell 


STUDENT CHAPTERS 


Univ. of Colorado: The Chapter 
held its first meeting of 1960 on Jan- 
uary 12. Elliot Katz, principal engi- 
neer for propulsion systems of Martin- 
Denver, spoke to the members on 
“Rocket Propulsion,”—fundamentals of 
rocket motors, present and future pro- 
pellants, and advanced propulsion sys- 
tem. Following his talk, a 20-min 
color film on Titan testing was shown. 

—John G. Shaffer 


Univ. of Michigan: The fifth an- 
nual joint meeting of the Detroit Sec- 
tion and the Student Chapter was held 
December 4, preceded by a joint din- 
ner. Guest speaker for the evening 
was Col. M. E. Griffeth, who is Special 
Projects Officer at Cape Canaveral. 
He spoke about the testing range it- 
self, its facilities, and some of its op- 
erations. Also shown was a film of 
successes and failures of some of the 
missiles tested at the Cape. 

Our Chapter is initiating a long- 
term project to design a space vehicle 
capable of cruising throughout the 
solar system gathering data on_ its 
bodies and phenomena. The vehicle 
will be called the Solar System Scien- 
tific Observation Station, or Project 
Trisos. Jess Brown is chairman of this 
project. 


—Judith M. Forde 


Univ. of Oklahoma: The November 
meeting was held in Felgar Hall on 
the Univ. of Oklahoma campus. Our 
guest speaker, Robert Graseley, of 
the U.S. Naval Ordnance Test Station, 
China Lake, Calif., gave an interest- 
ing talk on “Prospects of Rocketry,” 
and showed a short movie displaying 
the various facilities of NOTS. 

—John K. Totten 


Cajun Motors Available 


Thiokol’s Elkton Div. has produced 
its 1000th Cajun rocket motor, and 
can now offer this engine to qualified 
industrial and scientific groups at 
prices beginning at $1286 each. ¢® 


High-Speed Solid State Relays 
MICROSECOND 


SWITCHING... 


SHOCK RESISTANT 


CURTISS-WRIGHT 
ALBUQUERQUE , NM 
SOLID STATE RELAY 
MODEL 

SSR-12-100 


Solid State Relays 
illustrated: 
MODEL SSR-12- 
-100 (left) 

Model SSR-12- 
1.00 (right) 


Curtiss-Wright Relays have been proven time and again 
in high speed sled tests and component test equipment 
switching applications. Designed for missile, aircraft and 
complex industrial controls and instrumentation and pulse 
circuit applications, these pulse-triggered relays switch DC 
power to loads in microseconds. There are no moving parts 
...no RF radiation . . . and “On” resistance is constant. 
Models are available for high temperature service; also 
custom designs for special applications. 
TRANSISTOR TEST EQUIPMENT— Curtiss-Wright has 
wide experience in engineering and building test 
equipment to meet your needs. 


WRITE FOR 


SOLID STATE 
RELAY LINE 


INTER MOUNTAIN INSTRUMENTS BRANCH ¢ ELECTRONICS DIVISION 


curtiss WRIGHT 


CORPORATION e P.O. BOX 8324, ALBUQUERQUE, N.M. 


INFORMATION 
ON COMPLETE 


SOLID STATE RELAYS . TRANSISTOR TEST INSTRUMENTS ANDO 
SYSTEMS «+ DIGITAL DATA ACQUISITION AND PROCESSING SYSTEMS 
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Hydrogen for the Space Age 
(CONTINUED FROM PAGE 27) 


Here again, hydrogen comes to the 
fore with a specific impulse well over 
twice that of any other expellant. At 
probable reactor operating tempera- 
tures, the specific impulse of nuclear 
rockets using hydrogen can be ex- 
pected to be double that of the best 
chemical systems. Hydrogen may 
give an additional bonus when con- 
sidering space probes that require 
landing on and returning from a dis- 
tant planet. Since a major portion of 
the takeoff gross weight is required to 
boost the fuel necessary for the return 
trip, much smaller vehicles could make 
the trip if they could be refueled. 
Since water may exist on some of the 
other planets, it may be speculated 
that hydrogen could be separated at 
the destination, using power from the 
rocket’s nuclear reactor. This plane- 
tary “gas station” would lead to enor- 
mous savings in vehicle weight or cor- 
responding increases in payload ca- 
pability. 

In view of the payload advantages 
obtainable with hydrogen, and con- 
sidering its excellent combustibility, it 
is really remarkable that hydrogen was 
not used in the earliest rocket experi- 
ments (as it was in the earliest Ger- 
man turbojet). The late entry of hy- 
drogen into practical rocketry prob- 
ably can be ascribed to former con- 
cern over the availability and handling 
problems of liquid hydrogen. The 
USAF hydrogen plants testify that 
liquid hydrogen can be produced rea- 


sonably. Initial work by Pratt & Whit- 
ney Aircraft with liquid hydrogen was 
conducted in remote and widely sep- 
arated test stands to minimize any 
possible hazards, since previous ex- 
perience had been accumulated in 
laboratory-scale tests. As large-scale 
experience built up, handling tech- 
niques and improved cryogenic equip- 
ment have been developed so that ex- 
perimental work can be conducted in 
more conventional surroundings. As 
an example, a typical test area, having 
over a dozen test stands, is used both 
for liquid oxygen and liquid hydrogen 
component development. Liquid hy- 
drogen is supplied to this test complex 
through a 1500-ft-long pipeline. 


Three Basic Systems 


In considering the application of 
oxygen and hydrogen to upper-stage 
vehicles, there are three basic types 
of systems which merit discussion. 
These are (1) the use of low-pressure 
tankage with a regeneratively cooled, 
turbopump-fed engine, (2) the use of 
pressurized tankage supplying a_re- 
generatively cooled thrust chamber, 
and (3) the combination of pressur- 
ized tankage with an uncooled (ablat- 
ing) motor. 

The pressurized tank systems dictate 
lower thrust-chamber pressures than 
for the turbopump system, in order to 
minimize vehicle tank and pressurizing 
system weight. These lower chamber 
pressures, in turn, result in a larger 
envelope for the engine and _ corre- 
sponding increases in engine weight. 
Combustion-chamber pressures on the 
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VACUUM SPECIFIC IMPULSE -LB-SEC/LB 


Oxygen-Hydrogen Rocket Theoretical Performance 


P; 300 PSIA 


MAXIMUM 
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Shown being hoisted into the firing 
bay of a stand, the XLR-115 hydro. 
gen-oxygen engine, which will provide 
the big kick for the upper stages of the 
Centaur rocket, has now been static- 
fired for as long as several minutes. 


order of 60 psia, with tank pressures 
of about 100 psia, appear to provide 
a minimum engine-plus-propellant 
supply system weight for these pres- 
surized configurations. _ Pressurized 
systems with ablating thrust chambers 
will not have the payload capability 
afforded by regeneratively cooled 
chambers, owing to the substantial 
weight of ablating material that must 
be used for the firing durations of in- 
terest in most space missions. The 
table on page 77 compares the pay- 
load performance of the three types of 
oxygen-hydrogen rocket engines ob- 
tained with a hypothetical top stage of 
20,000-Ib gross weight designed to 
provide a velocity increment of 17,000 


fps. 


Regenerative Cooling a Must 


As can be seen from this table, a 
regeneratively cooled thrust chamber 
is necessary to obtain with hydrogen 
a significant degree of superiority over 
noncryogenic propellants. re- 
markable heat capacity of hydrogen 
makes regenerative cooling a practical 
proposition. Of the two regeneratively 
cooled engines, the turbopump system 
provides a clearcut margin of pay- 
load superiority. Several years’ ex- 
perience in the development of liquid- 
hydrogen pumps has shown that a 
turbopump system can be developed 
without sacrificing reliability. It is of 
interest to note that the turbopump 
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and regenerative-cooling experience 
gained with an oxygen-hydrogen en- 
gine is directly applicable to hydrogen- 
propellant nuclear rocket technology. 
The use of oxygen-hydrogen en- 
gines in upper stages implies the need 
for high expansion ratios to realize 
the specific impulse obtainable with 
these propellants. The variation in 
peak specific impulse as a function of 
nozzle-area ratio indicates that, at ex- 
tremely high area ratios, the penalty 
in engine weight will overbalance the 
gain in specific impulse. In the prac- 
tical case, improvement in stage per- 
formance probably obtains up to area 
ratios of at least 40. However, ve- 
hicle limitations on the engine en- 
velope size may require compromis- 
ing the area ratio to less than that de- 
sired by theoretical considerations. 
Specific impulse is reasonably insensi- 


tive to mixture ratio variations on the 
order of £15 per cent, and normal de- 
velopment should provide specific im- 
pulse values at least 90 per cent of 
ideal. Specific weights for turbopump 
engines in the range 0.010 to 0.015 
pounds per pound thrust appear fea- 
sible, depending on the expansion ra- 
tio and engine size chosen. For most 
space missions, analysis has shown that 
a wide range of thrust-to-weight ratios 
can be tolerated for oxygen-hydrogen 
upper stages without seriously affect- 
ing payload capability. For this rea- 
son, two or possibly three sizes of oxy- 
gen-hydrogen engines should fulfill all 
space mission requirements, using ex- 
isting and planned boost systems. 

In the 15,000-Ib-thrust class, de- 
velopment of an  oxygen-hydrogen 
rocket engine was initiated for the 
Convair-Astronautics Centaur vehicle 


Engine Type 
Regeneratively cooled, O.-H» 


Regeneratively cooled, O.-H> 
Ablating, Oo-H» 


Regeneratively-cooled, storable propellants 


Performance of Twenty-Thousand Pound 
Satellite Stage 


Payload at 
Propellant Supply 17,000 fps AV, Ib 
Turbopump 4000 
Pressurized 3000 
Tanks 
Pressurized 2400 
Tanks 
Turbopump 1800 


PROJEGT 
AGE HIGH 


Formulation of design crite~- 
ria for a Tropospheric Scatter 
and Line-of-Sight Radio 
Multi-Channel Network for 
NATO nations is only one 
of the projects for which 
Hermes Electronics Co. has 
been selected. Others include: 
Consulting Services to the 
U. K. of Libya, the Govern- 
ment of Norway, and to 
SHAPE on Project Hot 
Line; and the design of com- 
munication systems for Min- 
uteman ICBM program and 
Weather Observing and Fore- 
casting System 433L. 

If your background includes 
antenna design, wave propa- 
gation, modulation tech- 
niques, radio and wire trans- 
mission, broadcasting or 
radio-navigation, Hermes 
Electronics Co. can offer you 
an unusual career opportun- 
ity. 

Hermes Electronics Co. is a 
unique organization where 
responsibility and initiative 
are encouraged. Here you 
will also find the stimulation 
and environment of a young 
and growing company. Your 
association will be with staff 
members who are in the van- 
guard of many of today’s 
rapidly expanding technical 
frontiers. 

Salaries and other benefits 
are comparable to those of 
major research and develop- 
ment organizations. The com- 
pany’s location in Cambridge, 
Mass. affords unequaled cul- 
tural, living, and recreation 
facilities. Liberal educational 
benefits are allowed for grad- 
uate study at leading univer- 
sities in this area. 


Interested scientists and en- 
gineers are invited to address 
inquiries to: Mr. E. E. Lan- 
defeld, Personnel Director. 


Hermes 


Electronics Co. 
75 CAMBRIDGE PARKWAY 
CAMBRIDGE 42, MASSACHUSETTS 
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AEROJET-GENERAL 


offers outstanding 
opportunities in 
its newly created 


FABRICATION 
RESEARCH 
DEPARTMENT 


FABRICATION RESEARCH ENGINEERS 


B.S., M.S., or Ph.D. in mechanical engi- 
necring, metallurgy, or metallurgical 
engineering required with minimum of six 
years’ experience in the field of metal 
processing (press-working, spinning, ma- 
chining, chemical milling) of high strength 
steels, titanium, and refractories. Some 
experience in the research and development 
of metal fabrication processes and tech- 
niques is highly desirable. 


WELDING RESEARCH ENGINEERS 
B.S., M.S., or Ph.D. in metallurgy, metal- 
lurgical engineering or mechanical engi- 
neering, with minimum of six years’ ex- 
perience in welding and/or brazing of high 
strength steels and_ refractories. Some 
experience in research and development of 
metal joining processes and techniques is 
highly desirable. 


METALLURGICAL ENGINEERS 


B.S., M.S., or Ph.D. in metallurgy of 
metallurgical engineering with experience 
in the field of metal processing or metal 
joining of high strength steels, titanium, 
and refractories. 


Please submit complete resume to: 
R. A. GALUZEVSKI 

Head, Fabrication Research, 
Solid Rocket Plant, 


AEROJET-GENERAL 
CORPORATION 
P. O. Box 1947E 


Sacramento, California 
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by ARPA and the Air Force in October 
1958. This engine, designated the 
XLR-115-P-1, now under develop- 
ment for NASA, is conservatively rated 
at 15,000 lb thrust, with growth cap- 
ability beyond 20,000 Ib. 

In the Centaur development and on 
previous projects, Pratt & Whitney Air- 
craft has utilized several million gal- 
lons of liquid hydrogen in the develop- 
ment of propulsion systems. This 
large-scale use has shown that liquid 
hydrogen can be safely stored, trans- 
ferred, and used with existing cryo- 
genic technology, and has permitted 
the development of hydrogen pumps 
capable of producing 1100-psi_ pres- 
sure rise. engine is all but a reality, and its prom- 

Because of the high expansion ra- ise in space projects ready to be ful- 
tios desired for maximum specific im- _ filled. +4 


pulse, specialized engine test facilities 
are required to minimize flow separa- 
tion in the nozzle. Four engine test 
stands equipped with exhaust diffusers 
and steam ejectors have been con- 
structed by Pratt & Whitney Aircraft 
to implement this engine development. 
This test stand exhaust system provides 
near space conditions for starting and 
running the engine. 


On the Mark 


Although the details of the Centaur 
program are still classified, the photo 
on page 76 witnesses that the develop- 
ment of the first major hydrogen rocket 


Rocket Test Stand Challenge 


(CONTINUED FROM PAGE 29) 


bration environments of the missile 
system. Aetron has participated in 
much of the work which has been done 
in this direction, such as a test stand 
at Edwards AFB for the Thor missile, 
a stand at the Douglas-Sacramento site 
also for the Thor, and a stand at Lock- 
heed’s Santa Cruz site for the Polaris. 
These test facilities (all in California) 
have increased successively in the de- 
gree of design sophistication, espe- 
cially with the regard to the number 


stand is that this instrument becomes 
a part of the system it is measuring 
during a test, thereby directly affect- 
ing the data obtained from the test. 
As the types of measurements become 
more highly refined, the difficulties of 
separating the effects of the test equip- 
ment from the actual response of the 
test item by itself multiply consider- 
ably. For instance: A number of of degrees of freedom of motion by 
studies have been made of the effect the captive missile. The Polaris 
of the mounting device for a liquid- facility was designed with the inten- 
propellant engine on the stability of tion of allowing limited motion about 
combustion. Another example is the pitch and yaw axes and in ver- 
found in the efforts to determine the tical and horizontal oscillatory transla- 
random characteristics of the oscilla- tion. The missile was restrained from 
tory component of thrust and, in turn, | escape and from rotation about the 
to determine the vibration environ- longitudinal axis. There are limita- 
ment it imposes upon the rocket struc- _ tions to the maximum acceleration a 
ture and the systems it carries. Here, — missile can stand; and the center of 
again, the influence of the supporting — gravity, about which pitch and yaw 
structure is great and it is difficult to will occur in freeflight, moves several 
subtract from the directly obtained feet during a firing. Also, the firing 
data. must be made nozzle-down. These 
Another challenging type of meas- restrictions, in addition to insuring that 
urement is that of determining the in- the missile does not escape during the 
stantaneous direction of thrust and its __ firing, make the problem of minimizing 
rate of change, particularly in engines _ test-stand influence on simulated free- 
with thrust-vector control or with mul- __ flight conditions a highly technical de- 
tinozzle configurations. Aerojet-Gen- sign challenge. 
eral has used a type of stand, de- 
signed by Aetron, in which the rocket 
engine is suspended in a force balance 
which measures six components of the 
combined gravity and thrust vector. 
This type of stand, while satisfactory 
within certain limits for obtaining 
static-testing data, is quite limited for 
determining the rapidly varying dy- 
namic information more often desired. 
One of the most stimulating design 
problems is that of devising captive 
missile tests for determining the dy- 
namics of control systems and the vi- 


Growing Pains 


It would not be fair to ignore some 
of the retarding factors encountered in 
test-stand design activities. While it is 
true that the industry, in its growing 
pains, is freeing itself of these bother- 
some and seemingly unnecessary prob- 
lems, some of them remain to the dis- 
advantage of the customer, the de- 
signer, and the taxpayer. All of them 
tend to prolong the time of contract 
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initiation, completion, and cost. They 
include the extended period of time it 
takes the planners to decide what they 
want to do, the formalities of invita- 
tions to propose, proposals, prelimi- 
nary design, design criteria, and final 
design. The concrete and steel men 
point out why the planners should 
have something different, and the test 
and instrumentation people make 
most plausible pitches why both 
groups are wrong. Rolls and rolls of 
drawings are scrapped at the eleventh 
hour in what is charitably called a 
“re-direction of program scope.” And 
all these preliminaries occur before the 
first yard of concrete is poured or the 
first line is run for site development. 

Further delays include the time it 
takes for concrete to cure, for steelmen 
to bolt and weld, for rain to stop, for 
high winds to subside, for ground 
water to be pumped, for personnel 
problems to be solved, and for adjust- 
ments to the thousand-and-one annoy- 
ances the designers were sure would 
not be repeated. More pacesetting 
factors are found in the delayed de- 
livery of hardware, in the time re- 
quired to find out which wires some- 
how got to the wrong terminals, which 
piping flanges leak, and which valves 
won't open or won't shut. 


Solutions Possible 


It is acknowledged that all of these 
annoyances, such as some inflexible 
contractual procedure, weather condi- 
tions, and honest mistakes of minor 
nature, cannot be eliminated com- 
pletely. But in certain areas of plan- 
ning and design, our company has 
eliminated a number of the problems 
through the type and scope of its or- 
ganization and mode of operation. 
This is not to imply that Aetron is the 
only organization which can provide 
the ultimate in design performance, 
but to point out some methods of op- 
eration which, through 12 years of ex- 
perience and participation in prac- 
tically every major missile project in 
the free world as a prime or subcon- 
tractor, contribute substantially to the 
reduction of performance time and 
costs. 

Our personnel are selected with high 
consideration not only for ability and 
experience in their respective fields of 
civil, mechanical, structural, chemical, 
electrical, and electronic engineering 
or other specialized fields, but also 
for qualifications of having a reason- 
able understanding of the other fel- 
low’s problems or at least the ability to 
speak the other fellow’s language. 
Thus, we expect, differences of opin- 
ion are cut to a minimum, design prob- 
lems are simplified, and time is saved. 
Further time is saved by starting hard- 


site, Redlands, Calif. 


had considerable success. 


space applications. 


pulsion for our company. 


and Lockheed Aircraft Corporation 


P.O. Box 111 


RESEARCH PROGRESS 
ON THE SOLID ROCKET 


By May Ist of 1960, the Grand Central Rocket Co. 
will complete a magnificent modern solid propellant 
research laboratory at the company headquarters 


This laboratory will be the workshop of some of the 
world’s top propellant specialists. We have already 
allocated over $3 million for research aimed at 
developing more “specific impulse” in solid propel- 
lants. The current priority item is the development 
of the Nitrasol series of propellants, a most prom- 
ising propellant and one with which we have already 


Within a-year, we hope to develop a high-density, 
high-energy Nitrasol propellant for missile and 


The external ballistics of many missile applications 
are favored by high density in the propellant, even 
at some sacrifice of “specific impulse.” 
parametric study of a large missile, for instance, 
showed that a range increase could be achieved 
merely by increasing the density of the propellant 
in the first stage, even if the specific impulse were 
lowered at the same time. This finding has been 
confirmed by research done independently and con- 
currently by the Grand Central Rocket Co., where 
laboratory studies on the subject are continuing. 


Where possibilities of achieving such major break- 
throughs exist, the Grand Central Rocket Co. man- 
agement and its top-flight scientist teams believe 
that development should be vigorous. This is the 
fundamental policy that has produced such a long 
list of distinguished accomplishments in solid pro- 


Positions open for chemists, engineers 
and solid rocket production specialists. 


Grand Central Gh 
Kockel. Co. 


An Affiliate of Petro-Tex Chemical Corporation 


Telephone: PYraomid 3-2211 
CALIiFORNIA 
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This, the first photo released of the Titan production line 


Li { Ti at Martin-Denver, shows first and second stages of the long- 
ine of Titans range intercontinental ballistic missile in various phases of 


assembly. 


ware procurement long before final 
design is reached. The preparation of 
bid packages with specifications and 
drawings for the construction contrac- 
tors is started as soon as possible. Our 
contract and customer relations divi- 
sions maintain close liaison at all times 
to minimize possibility of delays which 
might result from change orders, mis- 
understandings with the customer, 
subcontractors, or vendors, and to con- 
trol budgetary expenditures of design 
time and material. Field representa- 
tives, under immediate supervision of 
the project engineer, form an impor- 
tant link of constant onsite inspection 
and communication for smooth prog- 
ress of the project. Other supporting 
divisions and departments within 
Aectron cooperate as a unit to provide 
the many accessories to contract per- 
formance, such as the preparation and 
publication of progress reports, main- 
tenance of proper security measures 
as required, public relations, and the 
handling of transportation and com- 
munications. 


Aetron’s Contribution 


Aetron has engaged in the design 
and the supervision of construction of 
some 32 test stands ranging in initial 
thrust ratings from 100 Ib to 6 million 
lb. With few exceptions, each stand 
differs from the others in purpose and 
design. In most instances, the test 
stand itself was but a part of an en- 
tire test-facility complex. The site 
locations are widely separated, and in- 
clude Aerojet’s own initial proving 
grounds at Azusa, Calif.; the Rocket- 
Engine Test Station at Edwards AFB, 
Calif.; the Lockheed test facilities at 
Santa Cruz; the Douglas Aircraft 
facilities at Patrick AFB, Fla., and 
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at Sacramento, Calif.; the Martin Co.’s 
“Titan” stands near Denver, Colo.; 
Rocketdyne’s production test facilities 
at Neosho, Mo.; missile-system test 
stands at Redstone Arsenal; and the 
well-known  $150-million manufac- 
turing and test complex at Sacramento, 
Calif., the largest complex of its kind 
in the free world. 

Possibly indicating the shape of 
things to come, and one of the most 
interesting test-stand design projects 
undertaken by Aetron, is Test-Stand 
1-B and Supporting Facilities for Ed- 
wards AFB. This stand ultimately will 
accommodate the static firing of 
rocket engines with a total thrust of 
6 million Ib, although initial construc- 
tion will provide for simultaneously 
testing two engines of 1'/, million 
Ib of thrust each. An artist’s sketch 
of this stand appears on page 28. 

The foundation, as well as the de- 
flector-apron supports for the ultimate 
capacity rating of the stand, will be 
a part of the initial concrete construc- 
tion. The steel superstructure, which 
will support the propellant “run” tanks 
and the test-engine mounting device, 
will be bolted to steel bearing plates 
on top of the concrete base. These 
plates will be anchored to the 12,000- 
cu-yd mass of concrete by high-tensile 
steel cable which will be pretensioned 
to minimize deflection during firings. 
The concrete base portion will have an 
over-all height of approximately 125 
ft, and the initial firing opening for 
the jet flame at the deck level will 
measure 67 x 29 ft. Strain gauges 
will be located at critical stress points 
throughout the concrete structure for 
recording the effects of dynamic thrust 
loads. 

Directly behind the stand, and sepa- 
rated by a 20-ft-wide pipe and con- 


duit space, will be a two-story heavy- 
concrete support building for main- 
tenance shops, equipment rooms, parts 
storage, and the instrumentation-and- 
control terminal room. The top of this 
building will provide access to the 
deck level of the test stand. 


Test Stand 1-B Features 


A 780-ft underground tunnel will 
connect the test stand to an existing 
control station. The tunnel will con- 
tain cables comprising 600 circuits of 
standard conductor and concentric 
lines for acquisition of not only en- 
gine-performance data but test-stand 
stress and strain effects and flame- 
deflector operation. While there will 
be 600 circuits for instrumentation and 
control purposes, more than 600 trans- 
missions of information may be ac- 
complished simultaneously by means 
of modulated carrier systems on some 
circuits. This is in keeping with econ- 
omies, mentioned earlier, by which as 
much data as possible is obtained from 
a single firing in view of the high 
costs of firings. More than one sam- 
ple of the same data would be ob- 
tained from further tests of the same 
item only for purposes of determining 
repeatability. 

The test stand complex will be pro- 
vided with two separate water sys- 
tems. One system will deliver deluge 
and domestic water from a 400,000- 
gal storage tank with associated pump- 
ing equipment, and the other system 
will supply water for the flame de- 
flector. The latter system, for the in- 
itial test-stand capacity, will deliver 
75,000 gpm at high pressure through 
a 54-in.-diam supply line of steel pipe. 

The scope of this project also in- 
cludes extensive storage and transfer 
systems for liquid oxygen, fuel, and 
high-pressure nitrogen gas. All water, 
gas, and propellant systems will be 
designed to be compatible with exist- 
ing systems, since certain portions 
will be used in conjunction with exist- 
ing equipment for another test stand. 

In addition to the specialty items 
mentioned, the design will provide 
for a major electrical distribution sys- 
tem, test-warning and communica- 
tion systems, access roads, and _park- 
ing areas. The electrical system in- 
cludes transformers, switchgear, and 
transmission lines to supply power for 
the various load areas. The largest 
single power-demand will be for the 
deflector-cooling pump station, which 
will have an initial pump rating of 
6000 hp. 

Contract completion dates were es- 
tablished at 90 days for the submittal 
of “preliminaries” and 150 days for the 
submittal of project material. Intense 
coordination was mandatory, because 
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criteria were not definite and all de- 
cisions had to be approved by the 
Corps of Engineers (LADO and 
SPD), Edwards AFB, ARDC, and 
Rocketdyne. Coordination meetings 
held weekly during the first two 
months of the project were attended 
by representatives of all agencies con- 
cerned. This coordination was con- 
ducted in such a manner that it re- 
sulted in completing the preliminaries 
two weeks ahead of schedule, and 
this gain in time was retained through 
the completion of project material. 

A major factor contributing to the 
successful performance of the contract 
was the full cooperation received by 
representatives of the Corps of Engi- 
neers in accelerating design reviews 
and providing necessary data and cri- 
teria. 


The Final Package 


The final design package includes 
313 drawings, of which 208 were pre- 
pared by Aetron, 62 by the Sverdrup 
& Parcel Engineering Co. (selected by 
Aetron as a subcontractor for certain 
civil and structural portions), and 43 
by the Corps of Engineers. 

Even to the seasoned engineer, fu- 
ture requirements for test facilities are 
somewhat awe-inspiring. The prob- 
lems are enormous. Many of the 
parameters which will have to be con- 
sidered are unknown. Future values 
of many parameters, compared to 
those of the present, will be far off- 
scale, the tables at hand not even go- 
ing that high or low. Test facilities 
and instrumentation (Remember that 
test facilities are instruments!) always 
lag behind design and research re- 
quirements for rocket propulsion and 
guidance systems. Wider ranges and 
higher accuracies are demanded. And 
with more highly compressed time 
schedules in the offing, the pace will 
accelerate even faster. 

Research and development are now 
proceeding toward advanced missiles, 
space navigation, high-temperature 
resistant materials, ultrahigh-speed 
gas dynamics, and ionic and nuclear 
propulsion systems, with particular 
emphasis on higher and higher thrust 
ratings. Where all of this will lead 
provides an interesting and exciting 
study of the master plan for spaceflight 
development. 

The test facilities for the future must 
be planned now if the anticipated rate 
of progress is to be maintained. We 
do not know what the specific require- 
ments of the future will be, but we 
can be very sure that the pattern will 
be one of constantly increasing de- 
mands which will consist of unprece- 
dented challenges to the designers and 
builders of rocket test facilities. #¢ 
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Senior and supervisory positions are available for chemists, 
physical chemists, physicists, mathematicians; mechanical, 
aeronautical and chemical engineers in an analytical group 
established to explore fuel chemistry and thermodynamics, 
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People in the news 


Medaris Bows Out 


Maj. Gen. J. B. Medaris (left), re- 


cently retired commander of the 
Army’s missile and space programs, 
happily receives two of the nation’s 
highest military honors—the Distin- 
guished Service Medal, Oak Leaf 
Cluster, and the Legion of Merit, Oak 
Leaf Cluster—before bowing out. 
Gen. Medaris has been elected as 
board chairman of Electronic Teach- 
ing Laboratories, Washington, D.C., 
fulfilling an ambition to find a place 
in education upon his retirement from 
the Army after 37 years of active 
service. 


APPOINTMENTS 


Milton B. Ames Jr. has been named 
deputy director of NASA’s Office of 
Advance Research Programs; Nicholas 
E. Golovin deputy to associate admin- 
istrator Richard E. Homer; and David 
Keyser, chief Congressional liaison 
officer. 


Col. John G. Zierdt, AOMC chief 
of staff, has been appointed deputy 
commander of the Army Rocket and 
Guided Missile Agency, in charge of 
the Army’s antimissile and space de- 
fense programs. Col. Thomas W. 
Cook succeeds Col. Zierdt. Nils L. 
Muench and William Walton Carter 
have joined ARGMA and AOMC, re- 
spectively, as chief scientists. 

Francis Harrie Richardson has been 
appointed technical director of AF 


Flight Test Center at Edwards AFB, 
Calif. 


Jacob P. Den Hartog has joined 
AFMDC’s Central Inertial Guidance 
Test Facility at Holloman AFB, N.M., 
as guidance test manager. 


At Rocketdyne, J. E. Thompson has 
been upped to director of facilities, 
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and J. P. McNamara has been named 
manager of the newly created Liquid 
Propulsion Operation, Canoga Park. 
Heading the five major activities 
within LPO are: P. R. Vogt, chief 
engineer, LPO; Ross Clark, Canoga 
plant manager; E. A. Wright, Neosho 
plant manager; R. L. Heath, manager 
of quality control, and J. A. Broadston, 
manager of logistics. Ivan E. Tuhy 
has been appointed section chief of 
Rocketdyne’s solid systems projects in 
the Advanced Design subdivision, 
Canoga. C. G. Zlomke has been made 
chief of engineering’s design and de- 
velopment section at the McGregor 
plant. 


STL has appointed Eugene V. 
Thatcher and William R. McMurran, 
respectively, associate heads of the 
Atlas and Titan Project Offices of 
Flight Test Operations. 


Lloyd R. Everingham has joined 
Ryan Aeronautical as director of its 
space laboratory, with responsibility 
for operating the new subsidiary, Aero- 
lab Development Co., Pasadena. 


H. Norman Abramson has_ been 
made director of applied mechanics at 
Southwest Research Institute. 


George A. Siegelman been 
made director of research and engi- 
neering for the Energy Div. of Olin 
Mathieson Chemical Corp. 


Cornell Aeronautical Laboratory, 
Inc., has named T. F. Walkowicz a 
board member. 


Bernard H. Paiewonsky has been 
promoted to senior research engineer 
at Aeronautical Research Associates of 
Princeton, Inc., in charge of studies of 
space-vehicle motion and control. 


The newly established Electronics 
Div. at Martin-Baltimore will be 
headed by John J. Slattery. Joseph 
M. Dukert has been named manager 
of information services for the Nuclear 


Div. 


James D. McLean has joined Gen- 
eral Dynamics Corp. as president of 


its Stromberg-Carlson Div., and will 
also serve as senior vice-president and 
member of the board of management 
of the parent company. At Convair 
Div., Gene L. Armstrong has been 
promoted to senior project engineer 
for airborne systems on the Atlas mis- 
sile program. 


At Bendix Aviation, directors 
George E. Stoll and A. P. Fontaine 
have been elected executive  vice- 
presidents. Charles M. Edwards be- 
comes assistant to Fontaine. In other 
appointments, Russell D. O’Neal has 
been elected vice-president, engineer- 
ing. Roy S. Sandstrom will succeed 
him as general manager of the Sys- 
tems Div.-Ann Arbor, while L. B. 
Young will take over Sandstrom’s for- 
mer post as assistant general manager. 

Arthur C. Omberg has been named 
assistant group executive of the Ben- 
dix-Mishawaka Div., formerly known 
as Bendix Products Div.-missile sec- 
tion, and to supervise the Hamilton 
(Ohio) Div. In addition he will serve 
as a member of a technical manage- 
ment group under direction of A. P. 
Fontaine, dealing with space activities. 
J. P. Field will be Omberg’s assistant. 
Also at Mishawaka, P. R. Wendt has 
been named manager of quality and 
reliability, and William Solomon, chief 
airframe engineer. G. A. Rosselot has 
been made assistant general manager 
and associate director of the Research 
Laboratories Div., and S. B. Smith, 
assistant director, engineering, Bendix 
Products Div.-South Bend. 


George B. Shaw has been upped 
from manager of operations, Nuclear 
Products-Erco, to head the new ACF 
Industries Electronics Div., resulting 
from the merger of the Avion and 
Nuclear Products-Erco divisions. Rob- 
ert Young will be assistant general 
manager; W. T. Whelan, director of 
R&D; M. L. Bond, manager of special 
products; and M. M. Millette, man- 
ager of the Riverdale, Md., plant. 


At Aerojet-General, Jerome C. Joer- 
ger has been appointed manager of 
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the Aeronautical Div.; William H. 
Gordon, manager of plant engineering, 
replacing Robert H. King, who be- 
comes manager of ordnance manufac- 
turing; and Col. Richard G. Thomas 
(USA-Ret.) a technical specialist in 
the Long-Range Planning Div. at 
Monterey. Edward L. Rucks_ will 
head the new Structural Materials 
Div., which combines the Structural 
Plastics Div., formerly under Rucks, 
and the Material Dept.-Azusa Opera- 
tions, formerly under Lawrence L. 
Gilbert, who now becomes assist- 
ant manager for metals development. 


Capt. Victor H. Soucek (USN-Ret.) 
has been appointed manager of spe- 
cial projects for Sanders Associates, 
Inc. 


O. K. Kowallis has been promoted 
from chief engineer to director of re- 
search at Wiancko Engineering Co., 
while Robert L. Nakasone succeeds 
him as chief engineer. 


George A. Zink has been appointed 
director of process development for 
GM’s new Defense Systems Div. 


Alfred H. Canada, manager of ad- 
vanced engineering physics for GE’s 
Advanced Electronics Center, Ithaca, 
N.Y., has been selected to fill a one- 
year appointment on the analysis staff 
of the Institute for Defense Analysis, 
Washington, D.C. 


Clayton M. Huggett has been ap- 
pointed director of research for Amcel 
Propulsion, Inc., subsidiary of Cela- 
nese Corp. of America. 


Henri Busignies, former president 
of ITT Laboratories, has been named 
vice-president and general technical 
director of the parent ITT Corp. 


Frank M. Wilson has been ap- 
pointed manager of the fluid dynamics 
division at Lockheed’s Georgia Div. 
R. B. Ormsby will manage the newly 
established Aerospace Technology 
Dept. there; William C. Strang, for- 
merly staff engineer, subcontracting, 
Convair-Pomona, has been made man- 
ager of operations for Lockheed Mis- 
sile System Div. at the U.S. Naval 
Weapons Annex, Charleston, S.C. 


W. S. Johnston has assumed over- 


Downing Kaplan 


all responsibility for all airfoil opera- 
tions of the Tapco Group of Thompson 
Ramo Wooldridge. 


Airborne Instruments Laboratory 
has announced the appointments of 
E. G. Fubini and G. C. Comstock as 
vice-presidents in charge of the new 
Research and Systems Engineering 
Div. and Electronic Systems and Tech- 
niques Div., respectively. 


Edward P. Fleischer has been made 
assistant director of the Electro Me- 
chanical Instrument Div., at Consoli- 
dated Electrodynamics Corp. 


George V. Woodrow Jr. has been 
appointed director of weapons sys- 
tems engineering for Philco’s Govern- 
ment and Industrial Group. In the 
Research Div., Allen C. Munster has 
been named director of research, plans 
and programs, and Lawton M. Hart- 
man, manager of technical planning, 
as well as a member of the division’s 
management and operations commit- 
tees. 


Beal P. Moore has joined Stavid 
Engineering, Inc., as an engineering 
consultant in the Airborne Electronics 


Dept. 


James B. Williams has been ap- 
pointed vice-president, engineering, at 
Electronic Communications, Inc. 


Continental-Diamond Fibre Corp., 
a subsidiary of The Budd Co., has ap- 
pointed W. M. Lair, director, and A. 
H. Haroldson, associate director, at its 
new R&D center in Newark, Del. 


J. Robert Downing has been elected 
president of Space Recovery Systems, 
Inc., El Segundo, Calif. He had for- 
merly served as director of the R&D 
Div. of Cook Electric Co., Chicago. 


Paul Kaplan has joined T.R.G., Inc., 
Syosset, N.Y., as chief hydrodynami- 
cist. 


Bert Fein has been appointed di- 
rector of manufacturing at Avco’s 
Crosley Div. 


Seymour L. Blum, formerly head of 
Raytheon’s Ceramics Section, has been 
appointed manager of the High Tem- 
perature Materials Dept. in the Re- 
search Div. 


Hueter Leng 


Earl Q. Bowers and Richard J. 
Dempsey have joined National Cash 
Register, Electronics Div., as design 
development engineers. 


Royal Jackman, Northrop Norair 
Div. chief, Engineering Laboratories 
group, has been elected chairman of 
the AIA Aerospace Research and Test- 
ing Committee. 


Robert C. Langford has been ap- 
pointed director of engineering, New- 
ark operation of Western Instruments 
Div. of Daystrom, Inc., succeeding 
Francis X. Lamb, formerly vice-presi- 
dent, engineering, who has_ been 
named engineering consultant to J. F. 
Degen, vice-president at Newark 
operations. 


Fred Covarrubias becomes applica- 
tions engineer in the Marketing Div. 
of Data-Control Systems, Inc. 


Theodor F. Hueter has been named 
manager of the Seattle Development 
Laboratory of Minneapolis-Honeywell 
Regulator Co., in charge of lab work 
in sonar, underwater ordnance devices 
and systems, and radar and communi- 
cations. 


Owen E. Cunningham is director of 
the new R&D Laboratory established 
in Washington, D.C., by the Link Div. 
of General Precision, Inc. 


Richard B. Leng has been named 
vice-president in charge of Packard 
Bell’s new Defense and _ Industry 
Group. 


J. H. Day Co. has announced the 
promotion of Ray D. Allison from 
chief engineer to general manager; 
Robert Miller, to sales manager; and 
Jack L. Diltz to product and market 
research engineer. Martin Miller, 
as vice-president, will assume staff du- 
ties, including over-all planning for 
the division. 


Peter J. Schenk, immediate past 
president of the AF Assn., has been 
named executive vice-president of 
The Mitre Corp., Lexington, Mass. 

(CONTINUED ON PAGE 93 ) 
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Looking like giant mechanical men, these nine SPG-55 
radars sit on the range-testing line at Sperry Gyroscope’s 
MacArthur Field, Long Island plant, where they are 
Bleacher Seats checked for accuracy, reliability, and performance before 


delivery to the Navy. 


The SPG-55 radar automatically 


acquires, locks-on, and tracks a target and in the same 
operation guides a Terrier missile against it. 


Report on COSPAR 
(CONTINUED FROM PAGE 25) 


W. Porter of GE, U.S. delegate to 
COSPAR and a member of the 
National Academy of Sciences Space 
Science Board; Hugh Odishaw, execu- 
tive director of the Board; Joseph Kap- 
lan of the Univ. of California, chair- 
man of USNC-IGY; Harold C. Urey 
of the Univ. of California and Joshua 
Lederberg of the Stanford Univ. 
School of Medicine, both Nobel prize- 
winners; and Silverstein and 
Homer E. Newell Jr. of NASA. 

The five-man Russian delegation 
was headed by Anatoly A. Blagon- 
ravov, a member of the Presidium of 
the Soviet Academy of Sciences, and 
one of the Soviet scientists who at- 
tended the ARS 14th Annual Meeting 
in Washington, D.C., last November, 
and $. N. Vernov of the Upper Atmos- 
pheric Physics Division of the Soviet 
Academy of Sciences. 

At the moment, there are 16 coun- 
tries whose scientific institutions, i.e., 
National Academies, are now repre- 
sented in or have expressed an interest 


in participating in COSPAR. These 
are Australia, Belgium, Canada, 
Czechoslovakia, France, West Ger- 


many, Italy, India, Japan, the Nether- 
lands, Norway, Poland, South Africa, 
the U.K., U.S.S.R., and U.S. 

In addition, 10 international scien- 
tific unions are represented — in 
COSPAR, among them the Interna- 
tional Astronomical Union, Union of 
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Geodesy and Geophysics, Union of 
Pure and Applied Chemistry, Scientific 
Radio Union, Union of Pure and Ap- 
plied Physics, Union of Biological Sci- 
ences, Union of Theoretical and Ap- 
plied Mechanics, Mathematical Union, 
Union of Physiological Sciences, and 
Union of Biochemistry. 

Under the new COSPAR charter, 
approved in December (February 
Astronautics, page 27), the commit- 
tee’s activities will be directed by an 
executive council, made up of a presi- 
dent, a vice-president nominated by 
the U.S., and two members chosen 
from a list drawn up by him; a vice- 
president nominated by the U.S.S.R., 
and two members selected from a list 
made up by him; and representatives 
of all the scientific unions. 

The slate of officers elected at Nice 
is headed by H. C. Van de Hulst of 
the Netherlands, representing the Intl. 
Astronomical Union, who is president 
of COSPAR. The American vice- 
president is Dr. Porter, representing 
NAS; the Russian vice-president, Prof. 
Blagonravov, representing the Soviet 
Academy of Sciences. Other elected 
members of the council are E. Bucara 
of Czechoslovakia, representing the 
Czech Academy of Sciences; H. S. W. 
Massey of the U.K., representing the 
Royal Society; M. Roy of France, re- 
presenting the Intl. Union of Theore- 
tical and Applied Mechanics; and W. 
Zonn of Poland, representing the Polish 
Academy of Sciences. 

Working in a scientific, rather 
than political, atmosphere, members of 


COSPAR and _ its working groups 
mapped out a wide area of space re- 
search activities in which international 
cooperation appears feasible. At one 
of the first sessions, for example, Rus- 
sia agreed to make available orbital 
elements of their satellites as an aid to 
international cooperation in observa- 
tion programs. 

Makeup and responsibilities of the 
three COSPAR working groups, estab- 
lished on a provisional basis prior to 
approval of the new charter, were de- 
cided upon at the meeting. The three 
working groups, and their chairmen, 
are: Tracking Telemetering, 
headed by V. A. Ambartsumian, Chair- 
man of the Astronomy Division of the 
Soviet Academy of Sciences; Scientific 
Experiments, headed by J. Bartels, 
Geophysikalisches Institut, Gottingen, 
Germany; and Data and Publications, 
headed by A. P. Mitra of India. 

Resolutions passed offered the serv- 
ices of COSPAR to the newly formed 
UN Committee on the Peaceful Uses 
of Outer Space; called for continuing 
COSPAR cooperation with the Inter- 
national +Telecommunications Union 
and coordination of the demands for 
radio frequency spectrum allocations 
for space research; asked countries 
launching satellites and space vehicles 
to release telemetering codes and cali- 
brations where practical; stressed the 
need for a continuing survey of the or- 
biting components of satellites; and 
recommended that a revised list of 
IGY satellite tracking stations be 
drawn up and made available to all 
interested workers. 


Additional Resolutions 


Additional resolutions confirmed the 
week of Sept. 16-22, 1960 as an In- 
ternational Rocket Interval, and_re- 
commended that meteorological rocket 
soundings be undertaken by all na- 
tions in a position to do so during 
the quarterly meteorological world in- 
tervals of 1961, with special emphasis 
on the January and October periods; 
called for experiments on decontam- 
inating sterilizing spacecraft; 
pressed for additional satellite and 
space-vehicle prelaunch and launch- 
ing information, as well as precise data 
on orbital elements and orbits; recom- 
mended that the World Days 
AGIWARN network, utilized during 
IGY for rapid communication of in- 
formation needed for tracking and 
other observational purposes, continue 
to serve for such purposes under the 
name of SPACEWARN; and called for 
distribution to COSPAR members as 
soon as practicable of complete  in- 
formation on scientific space experi- 
ments. 

Another important resolution urged 
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that consideration be given to the 
potential desirability of international 
cooperation in data reduction and 
analysis. 

Delegates to the Symposium were 
informed that the U.S. intends to 
launch at least eight scientific satel- 
lites and two space probes in its civil- 
ian space program during 1960, along 
with a geophysical probe and a num- 
ber of meteorological rockets. In- 
cluded in the proposed satellite launch- 
ings are three radiation belt experi- 
ments; experiments to determine iono- 
spheric properties and electron densi- 
ties; an ionospheric beacon experi- 
ment; gamma ray astronomy and solar 
spectroscopy experiments; two meteo- 
rological experiments (Project Tiros) ; 
a communications experiment (Proj- 
ect Echo), utilizing a 100-ft inflatable 
sphere; and a geophysical probe utiliz- 
ing the Scout vehicle. 

Russian delegates to the meeting 
also presented a good deal of informa- 
tion about future plans in their report 
to COSPAR, with Prof. Blagonravov 
indicating that the U.S.S.R. was plan- 
ning a broad investigaiton of cosmic 
radiation preparatory to manned 
spaceflight experiments, and expects 
to launch satellites carrying plants and 
highly organized living organisms in 
the not-too-distant future. The Rus- 
sians also provided more information 
about their meteorological rocket 
launchings than at any previous meet- 
ing, giving complete information as to 
launching sites, exact time of firing, 
and data obtained. The report went 
all the way back to 1957, and also cov- 
ered Soviet satellites and lunar probes. 

In discussing future Soviet plans, 
Prof. Blagonravov noted that experi- 
ments would fall into three general 
areas—continued investigation of the 
upper atmosphere and near space, fur- 
ther exploration of the moon, and pre- 
liminary investigation of the nearer 
planets, specifically Mars and Venus. 

Among the other countries report- 
ing on future plans to COSPAR were 
France, which announced it would 
launch 20 Véronique sounding rockets 
this year, and the U.K., which is work- 
ing on Scout payloads with NASA and 
on adaptation of some of its military 
rocket vehicles for satellite launchings. 
Both France and Australia indicated 
an interest in collaborating with the 
U.S. on satellite experiments, while 
Italy discussed with the U.S. the pos- 
sibilities of firing sounding rockets 
from Wallops Island. 

The Space Science Symposium was 
devoted largely to a full-scale report 
on IGY activities throughout the world. 
Coming a full year after the official 
closing of IGY, it presented for the 
first time a complete rundown on IGY 
rocket and satellite research. While 


some of the material in the American 
papers had already been presented 
earlier before U.S. audiences, much 
new data was offered, and the meeting 
provided the first opportunity for an 
international discussion of such data. 

In all, a total of 14 sessions were 
held—two each on the earth’s atmos- 
phere, the moon and the planets, track- 
ing and telemetering, the ionosphere, 
and solar radiation, and one on meteor- 
ites, and three on cosmic radiation and 
interplanetary dust. 


Papers Presented 


U.S. delegates to the meeting pre- 
sented more than 50 papers, while nine 
papers were given by the Russians. 
These were: “Upper-Atmosphere 
Structure Parameters According to In- 
vestigation Data Obtained on Rockets 
and Satellites in the U.S.S.R. during 
IGY,” by S. M. Poloskov; “Terrestrial 
Corpuscular Radiation and Cosmic 
Rays,” by S. N. Vernov and A. E. 
Chudakov; “Radiation Measurements 
during the Flight of the Second Soviet 
Space Rocket,” by Vernov, Chudakov, 
P. V. Vakneov, Yu. I. Logachev, and 
A. G. Nikolayev; “Cosmic Ray Investi- 
gations by the Second Cosmic Rocket 
Landed on the Moon,” by L. V. Kur- 
nosova, Logachev, L. A. Rasorenov, 
and M. I. Fradkin; “Measuring the 


Magnetic Fields of the Earth and 
Moon by Means of Sputnik III and 
Space Rockets I and II,” by S. S. Dol- 
ginov, E. G. Eroshenko, L. N. Zhus- 
gov, N. V. Pushkov, and L. O. Tyur- 
mina; “Photographs of the Reverse 
Side of the Moon,” by A. A. Blagon- 
ravov; “On Corpuscular Radiation of 
the Outer Atmosphere,” by V. I. Kras- 
sovsky; “Results of Research on Meteo- 
ritic Dust with the Help of Sputnik 
III and the Cosmic Rockets,” by Naza- 
rova; and “Cosmic Rays Emitted by 
the Sun,” by A. N. and T. N. Charak- 
chian and V. F. Tulinov. 

The sessions dealing with the moon 
and the planets produced the most 
speculative papers presented at the 
meeting A paper by M. Calvin and 
S. K. Vaughn of the Univ. of Cali- 
fornia at Berkeley on the subject of ex- 
traterrestrial life discussed or- 
ganic constituents of meteorites and 
their significance for possible extrater- 
restrial biological evolution, while Dr. 
Lederberg, in the course of a discus- 
sion on contamination of other planets, 
touched on the problem of how to pre- 
vent astronauts returning from such 
planets from contaminating earth. 

The complete proceedings of the 
Symposium will be published by 
COSPAR in the near future. Hilde K. 
Kallman of UCLA, scientific secretary 
for the meeting, is editing them. ¢*® 


JPL Continues Vega 6K 
Controlled-Thrust Engine 


Although NASA canceled the Vega 
project, it continues to support JPL’s 
development of the 6000-Ib-thrust 
storable-liquid engine for upper-stage 
applications in space vehicles. 

Static firings of this “6K” engine 
have recently been made on a new 
JPL stand at the Edwards Test Sta- 
tion in Calif. 

The photo shows part of the stand, 
and in particular its spherical stainless- 
steel propellant tanks, which were de- 
signed and fabricated by Standard 
Steel Corp., Los Angeles, Calif. Both 
tanks are ASME Code-designed and 
-constructed for an operating pressure 
of 500 psi. The 6K engine employs 
nitrogen tetroxide and hydrazine as 
propellants. 


Propellant tanks for JPL’s new 6K- 
engine test stand at Edwards Test 
Station just before installation in the 
facility’s 43-ft-high framework. 
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Billion Light Years 


(CONTINUED FROM PAGE 33) 


been made of the radio radiation on 
a wavelength of 3.75 cm coming from 
the central regions of our own galaxy. 
There is so much dust and obscuring 
matter between earth and the galactic 
center that observations with optical 
telescopes cannot be made into the 
depths of the Milky Way. The use of 
short radio waves allows quite detailed 
observations of the galactic center. 
The results show a very interesting 
group of four radio sources around the 
galactic center. Further work should 
reveal much about the motions of mat- 
ter in the core of our galaxy. 

On a more speculative level, some 
time ago it was realized at NRAO that 
the 85-ft dish together with a para- 
metric amplifier or maser receiver 
could detect radio waves coming from 
very great distances. If within about 
9 light years from the earth there were 
a radio transmitter system similar to 
the ones that have been used on earth 
to make radar reflections from the 
planet Venus, and this system radiated 
toward the earth, it might just be 
possible to detect the existence of this 
transmitter. 


The Near Stars 


There are very few stars within 9 
light years from the earth and _ of 
these not all could possibly have 
planets rotating around them. Never- 
theless, faint as the possibilities are, 
the 85-ft telescope will soon be used 
to examine two nearby stars, in the 
hope that one of the stars has a planet, 
then that this planet has reasoning life 
on it, and that this life is beaming 
messages toward earth. 

Also under study with the NRAO 
telescope are the sun and its interac- 
tion with the earth, the creation and 
destruction of stars, the outer atmos- 
phere, and the space immediately sur- 
rounding the earth. 

Tracking celestial objects with the 
NRAO telescope is simplified because 
of the unit’s equatorial mounting. The 
telescope’s axis is parallel to the axis 
of the earth and turns at a constant 
rate of speed—one revolution per day. 
This compensates for earth rotation. 
Once a celestial object enters the tele- 
scope’s field of view, it remains in that 
field as long as rotation around the 
unit’s equatorial axis is provided at the 
proper rate. 

Although Green Bank’s Deer Creek 
Valley offers a relatively mild climate 
and is not subjected to extremely high 
winds, each of the telescope’s three 
legs—spaced 35 ft apart in a triangle— 
is anchored in 1200 tons of concrete. 
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Controls and receiving equipment are in a 24- x 36-ft house just 25 ft from the 


telescope’s base. 


telescope operator, work on a celestial-tracking problem. 


Above, Heim Hvatum (left) of Sweden and Omar Boyer, 


At the left is an 


electronic counter which converts received radio emissions into digital form. 


The telescope operates with precision 
in winds up to 45 mph and will with- 
stand wind velocities up to 120 mph. 

The height of the radio telescope 
from base to focal point—with the re- 
flector in zenith position—is 110 ft. 
Steel framework supports the polar 
and declination shafts and gears and 
the solid aluminum reflector on which 
surface accuracy is !/, in. at all points 
to a true paraboloid. The polar shaft 
is set at 38 deg, 26 min latitude and 
covers 12 hr in east-west, horizon-to- 
horizon move. Range of the declin- 
ation drive is from 51 deg, 44 min 
north, through zenith, to the southern 
horizon. A quadripod supports the 
electronic equipment at the focal point, 
36 ft from vertex of the 6000-sq-ft 
reflector. East and west huts, at- 
tached to the reflector’s back, house 
receiving equipment and cable term- 
inations. 

Operating power for the telescope 
is supplied through 4160-v lines. This 
voltage is transformed to 440, 220, and 
110 v. Counterweights— 136,000 Ib 
on the polar gear and 45,000 lb on 
the declination gear—balance the en- 
tire mechanism so that no great 
amount of power is required to drive 
either gear. Voltage is 220 to a 20-hp 
motor powering the polar axis and its 
gear, while only a 12-hp motor is re- 
quired for declination drive. 

Controls for the equatorially 
mounted telescope are in a 24- x 36-ft 
structure that is only 25 ft away from 
two legs of the highly maneuverable 
antenna unit. These controls provide 
the telescope operator with hour angle, 
sidereal time, right ascension, and de- 
clination position indicators; polar axis, 
declination, and brake switches; warn- 
ing lights for declination and polar 
limits, and power; and emergency 
power “off” and “reset” buttons. Sen- 


sitivity of the electronic receiving 
equipment to temperature changes re- 
quires a constant temperature of 70 F 
in the control room. 

In operation, the telescope’s ac- 
curacy allows reception of radio emis- 
sions in wavelengths ranging from 10 
meters to as low as 3 cm, and is ca- 
pable of simultaneous reception of 
three frequencies. The radio signals 
are not characterized by easily identifi- 
able features, such as voice modula- 
tion, but are generally constant hisses 
or noises. They are distinguishable 
from man-made interference only be- 
cause celestial signals originate in par- 
ticular places in the heavens. Radio 
emissions from space bounce off the 
reflector surface into the focal point 
and are transmitted by cable to re- 
ceivers in the control room. After be- 
ing recorded in graph and digital form, 
the signals are translated into measure- 
ments of physical quantities connected 
with observed objects. 

Radio astronomers at Green Bank 
are using three receivers—one in the 
8000-mc band, another in the 400-me 
band, and the third, which is a hy- 
drogen-line (2l-cm) receiver, with a 
pickup area ranging from 1170 to 
1430 me. A fourth receiver, sched- 
uled for use in the near future, will 
add to this already wide variety of 
frequency ranges. + 


Unusual Chemicals 


The Hummel Chemical Co., Hum- 
chem, N.Y., has available research 
quantities of the following unusual 
chemicals: Hexanitroethane; trinitro- 
methane, trinitroethanol, tetranitro- 
methane, ammonium nitroform, potas- 
sium nitroform, hexanitrodiphenyl- 
amine, trinitrophenylmethylnitramine, 
nitration of amines to nitramines. 


Hughes Division graduate 
engineers and, physicists a choice from nearly 100 op nings 
on Hughes projects which include: 


Digital Computer for Poiaris Guidance 
Infrared Applications for ICBM Surveillar 
_ Space Ferry 
Satellite Communications 
Pulsed Doppler Radar for Anti-Submarine 
Advanced Air-To-Air Missiles 
Check-Out Equipment 
Space Radiation Measurement and Detect 
Training and experience should be applicable to the research, 
development, design and testing of advanced electronic 
equipment for use in space vehicles and supersonic military 
aircraft; in solid state physics, — a industrial 
dynamics, and related areas. : 
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Missile market 


HE SHARPEST reaction in recent 

memory buffeted the stock market 
last month as persistent weakness in 
major steel and automotive shares led 
the Dow-Jones average 8.3 per cent 
lower. As the easiness spread to most 
other industrial groups—although nu- 
merous specialties resisted the down- 
ward pressure—missile industry securi- 
ties plummeted 11.6 per cent, as meas- 
ured by the Missile Index. 

Such a severe decline puzzled many 
investors in light of glowing business 
projections in the financial sections of 
their newspapers. This is not as para- 
doxical as it may seem, for financial 
history offers many examples in which 
business activity and stock market 
prices move in opposite directions. 

Nonetheless, it must be recognized 
there really is no such thing as a stock 
market. Instead there is a market of 
stocks; and the investment adviser, 
against a general background of high 
security prices, endeavors to select 
those issues that are relatively attrac- 
tive. Stocks enjoying this attribute 
may fall into two broad categories: 
(1) Cyclical stocks which are at the 
right point in their cycle and (2) com- 
panies experiencing genuine growth. 
This column feels it is wiser to stress 
growth, because while it is always 
possible to be mistaken on timing, one 
will be rewarded reasonably soon with 
a growth stock. 

Certainly there are many legitimate 
growth stocks, and growth industries. 
And new technologies offer the most 
valid growth areas, despite stock 
market weakness. Such is molecular 
electronics: One of the newest and 
most promising branches of solid-state 
technology, attractive at this time. 

Component density of 50-100 mil- 
lion per cubic foot, e.g., in amplifiers 
smaller than a dime, are recent devel- 
opments that signal this new concept’s 
dramatic and far-reaching  effects— 
even in an industry well known for its 
fast moving technology. Molectronic 
devices are essentially tiny blocks of 
crystalline silicon or germanium, which 
are now used in transistors, but their 
potential uses go far beyond anything 
yet conceived. They are significantly 
smaller than micromodules, which 
they very likely will replace, despite 
the fact the latter is their predecessor 
in the race for microminiaturization 
and is still largely in the development 
stage. 

Many scientists believe micromod- 
ules are the last practical step in mini- 
aturization where many connections 
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Jerome M. Pustilnik, Financial Editor 
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Dow-Jones Industrials 
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February| January % February | 
1960 1960 Change 1959 Change 
Dow-Jones Industrials | 623 | 679 | —8.3 | 594 | +4.9 
| 
Missile Index 875 | 1059 | —11.6 | 856 $3.2 


are used. In fact, the soldering points 
connecting the electronic elements in 
many micromodules are usually larger 
than the elements themselves. 

And it is these soldered connections 
which cause worry, for each soldered 
junction is a possible source of failure 
should the connection be faulty. In 
complex defense electronics systems, 
the possibility of failure is high be- 
cause of the large number of such con- 
nections. But molectronic devices 
drastically reduce the number of sol- 
dered points in a system. Like build- 
ing blocks, they can be piled one on 
top of another or placed end to end. 
All of the traditional components of a 
circuit can be eliminated in molec- 
tronics as well as most of the connec- 
tions. Through their simplicity and 
tiny scale, molectronic devices appear 
to have a brilliant future although 
large-scale use is several years away 
at best. Initial uses will be in defense 
electronics systems, but industrial and 
consumer applications should follow 
swiftly. 

Many major electronics firms are 
active in this technology, among them 


Westinghouse Electric, RCA, Texas 
Instruments, Motorola, American 
Bosch Arma, and Philco Corp. In 
England, a company named Pilessy, 
Inc., has developed molectronic de- 
vices. 

Philco, which could earn $1.00 a 
share from solid-state physics activi- 
ties alone, in 1960, plus another $1.75- 
2.00 a share from home appliances, 
computers, and defense electronics 
business seems very favorably  situ- 
ated and a full report is planned for 
the next issue. 

Now a word of caution. Because 
new technologies take on an aura of 
glamor and mystery about them, some 
gross misconceptions get born in the 
investment community, creating the 
substantial excesses which sometimes 
occur in the marketplace. A corporate 
name which includes the magic word 
“electronics” or any other technologi- 
cal term for that matter, does not 
guarantee an investor participation in 
a science-oriented company or in a 
new technology. To be certain, use 
this old technology—INVESTIGATE 
THEN INVEST. 
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U.S.S.R. Radio Telescope 


(CONTINUED FROM PAGE 32 ) 


offices and plants. 

Engineer D. V. Kovalevsky, the 
station’s chief, has remarked on the 
large size of the new telescope. Its 
paraboloid is 22 meters in diameter, 
while its focal length is 9.5 meters. 
The mirror tips the scales at 65 tons. 
The weight of the entire telescope 
amounts to 380 tons. A team of engi- 
neers and technicians spent nearly two 
years assembling and adjusting the 
massive instrument. 

According to researcher Salomono- 
vich, this telescope has the highest 
resolving power of all the adjustable 
radio telescopes in the world. It can 
be laid on any point of the sky. The 
telescope is fitted with a special track- 
ing facility which helps carry on pro- 
longed observations of space sources 


of radio waves. Currently, the tele- 
scope is being used to investigate solar 
and lunar radiations. Several radio 
pictures of the sun and moon have 
been taken with it. 

Associated with this telescope will 
be another, a cross-shaped radio tele- 
scope now being built under the su- 
pervision of V. V. Vitkevich (M.Sc., 
physics and mathematics). This will 
be the world’s largest radio telescope. 
Each of its two arms will stretch for 
about a kilometer and stand 40 meters 
high. The antenna of the East-West 
arm will be made rotatable about its 
horizontal axis. 

Radio astronomy has already en- 
riched our knowledge of the universe 
with a series of discoveries of para- 
mount importance. An advantage of 
radio astronomical investigations of the 
moon is that both its surface and sub- 
surface layers can now be studied. 
The new radio telescope will help 


Alexander E. Salomonovich, who helped plan the telescope, sits at the visual 


training station in its upper cabin. 


Psycho-Social Problems 
(CONTINUED FROM PAGE 31) 


physical movement, disruptions of nor- 
mal day-night and work-rest cycles, 
monotony, fatigue, ete. 

These physical and mental stresses 
will often occur together and over 
relatively long times. During these 
times, the stresses may well act cumu- 
latively to wear down the individual’s 
resistance and resiliency. 

An important confounding variable 
is social interaction between a small 
group, who will be in very close con- 
tact for an extended period of time. 


Assuming that there is a higher stress- 
induced susceptability to social disor- 
ganization and_ personality conflict, 
just one irritating individual can seri- 
ously affect crew morale and start a 
chain reaction of incidents. This 
might be called a Mother-in-Law-in- 
Space syndrome. 

Not to be underemphasized is the 
fact that there will be no panic button 
to permit sudden egress or to stop the 
experiment part way through. Once 
aboard, all must continue the flight 
through a hostile environment until 
its termination. This could become a 
rather overwhelming psychological 
problem for a crew member. 


glean data on individual sections of 
the moon’s surface. 

Of no less interest will be observa- 
tions of the radio waves emitted by 
Venus, which is always wrapped in 
dense clouds. These observations 
may establish for the first time Venus’ 
period of rotation. 

Radio pictures of the sun taken 
regularly with the new radio telescope 
are of important practical value. They 
may indicate a missing link between 
the processes that occur in the sun’s 
active areas and some of the still 
mysterious phenomena on the earth. 


Sources of Radio Waves 


As promising are studies into the 
sources of radio waves to be found far 
beyond the confines of the solar sys- 
tem. Extremely interesting in this re- 
spect are the gaseous nebulae in our 
galaxy as well as the nebulae formed 
in the explosions of so-called “super- 
new” stars. 

Recent years have seen a sharp im- 
provement in the sensitivity of receiv- 
ing equipment in the UHF and the 
SUHF ranges. As the new Soviet 
radio telescope operates just in these 
ranges, it will have unquestionable ad- 
vantages over the largest foreign ra- 
dio telescopes operating on the VHF 
band, as its resolving power will be 
substantially higher. 

Also, as soon as the large cross- 
shaped radio telescope is completed 
for operation on very high frequen- 
cies, the possibility will be provided 
to investigate a huge number of radio- 
wave sources far beyond our galaxy. 

These and other investigations will 
yield valuable information about the 
universe, which, supplemented with 
the data obtained with the aid of opti- 
cal astronomy, will provide a_ better 
basis for cosmogoenic theories. 

—T. Fetisov, [zvestia 


Of great psychological importance 
is the probable difficulty in maintain- 
ing adequate communication with the 
earth. This is especially important in 
view of the poor prospects for escape, 
survival, and rescue in the event of 
malfunction or accident. Communica- 
tion is also important for feedback on 
the progress of the mission and crew 
contact with the ground for morale 
and recreational needs. 

Exactly what complications might 
result when a human crew is suddenly 
isolated in a sealed capsule? How 
would they react to knowing that 
they would, in a sense, be experimen- 
tal subjects in a comparatively new 
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test, development, or exploration pro- 
gram to discover more about some 
distant hostile environment? 


Human Reactions in Space 


The following human reactions have 
been observed or described in situa- 
tions which approximate, to some de- 
gree, the conditions likely to be en- 
countered in relatively unsophisticated 
spaceflight. 

Physical. There may be feelings of 
extreme boredom, tiredness, and fa- 
tigue. Even sleep may not be refresh- 
ing and the use of rest periods may be 
of little use in improving performance. 
There may be a strong need for exer- 
cise and physical motion. An intense 
desire for a variety of external sensory 
stimuli may also occur. 

Social. Feelings of comradeship 
and esprit de corps may gradually dis- 
appear and be replaced by suspicious- 
ness and hostility toward others. With- 
drawal from the social group, social 
incompatibility, and the emergence of 
negative feelings may lead to the grad- 
ual dissolution of social controls. 

Behavioral. Irritability, restlessness, 
exaggerated responses, and a_tend- 
ency to either withdraw completely 
from situations or to go charging into 
them may develop. There may be 


an amplification of overt tendencies 
toward aggressive or passive behavior, 
with hostility expressed toward other 
individuals, equipment, and the mis- 
sion itself. Speech difficulties, such 
as an inability to speak in a normal 
volume, and other regressive behavior, 
may appear. Greatly increased in- 
dividual variability in the performance 
of tasks occurs even in the most 
normal-appearing individuals. 

Intellectual. There may develop 
an inability to think clearly and co- 
herently or to organize and direct 
thought processes on any given sub- 
ject for a period of time; tendencies 
to drift off into highly personal and 
emotionally charged fantasy; loss of 
confidence in judgment, with doubts 
as to personal ability to discriminate 
between the truth or fiction of ex- 
perience; an intense need to confirm 
the validity or acceptability of thought, 
judgment, and adequacy of response; 
a malleability and suggestibility which 
may approach the point of confabula- 
tion; and feelings of being mentally 
dull, unresponsive, and unable to dis- 
criminate. 

Emotional. Feelings of isolation 
and prolonged uncertainty may give 
rise to a variety of symptomatic re- 
sponses. Initial feelings of general 
anxiety may include unrealistic fears 
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Stainless 


and a sense of personal inadequacy, 
which could lead to a whole gamut 


of emotional reactions. Feelings of 
oppressive monotony may be a pre- 
lude to withdrawal, depression, and 
even suicidal thoughts. The disor- 
ganizing effects of stress may lead to 
compulsive defenses, other neurotic 
behavior, and paranoid feelings. Con- 
fusion and panic may develop into un- 
responsiveness, visual distortions, hal- 
lucinatory or delusional material, and 
even disorganization in time and place. 
The effects of sensory deprivation on 
man have been recently described as 
even somewhat akin to schizophrenic 
reactions. 

All these reactions are based on in- 
formation obtained from a variety of 
sources, such as prolonged undersea 
or aircraft flights, survival experiences 
(i.e., shipwreck), penal and PW ex- 
periences, sensory-deprivation studies, 
and even a few laboratory simulation 
studies of anticipated spaceflight prob- 
lems. Naturally, there was great vari- 
ability in information, and extrapola- 
tion from such sources is quite inferen- 
tial. No one can state with any as- 
surance just what may occur in ac- 
tual spaceflight. But the financial and 
other costs involved are so enormous 
that we cannot wait for post facto 
diagnoses of astronautic failures as- 
sociated with inadequate human fac- 
tors considerations. 

The need for more elaborate and 
rigorous simulation studies is quite 
clear. Basic experimental studies, re- 
ports from analogous personal exper- 
iences, and what is generally known 
about the science of human behavior 
have all indicated that there are some 
important problem areas which merit 
the serious consideration of those 
planning manned spaceflight. It is 
apparent that more careful study and 
intensive research is urgently needed 
to provide adequate and timely in- 
formation regarding human psycholog- 
ical capability to perform astronautic 
functions. 


What Remedies? 


If psychological problems do con- 
stitute a potential hazard for space- 
flight, one might ask if anything could 
be done to alleviate or prevent them. 
At this time, we can only speculate on 
possible remedies and solutions be- 
cause of the novelty of spaceflight, 
the difficulties involved in attempted 
simulation of spacelike conditions in 
an earthbased research installation, 
and the over-all sparsity of research 
which is directly related to the subject 
area. However, the following infor- 
mation is offered as a temporary ex- 
pedient or possible guideline for future 


1 

$ ‘i 1 

1 
! 
: 

SS 4 
| 

: 

of 
j 

< 


lacy, 
Sof 


pre- 
and 
lisor- 
d to 
rotic 
Con- 
) un- 
hal- 
and 
lace. 
n on 
d as 
renic 


n in- 
‘y of 
srsea 
nces 
ex- 
dies, 
ition 
rob- 
vari- 
pola- 
as- 
ace 
and 
nous 
acto 
fac- 


and 
juite 
, Te- 
(per- 
own 
ivior 
ome 
nerit 
hose 
[t is 
and 
»ded 
log- 
iutic 


con- 
ace- 
ould 
1em. 
e on 

be- 
ght, 
pted 
s in 
tion, 
arch 
yject 
\for- 

ex- 
ture 


thought and research action in this 
area. 

It is not enough just to say that we 
should have careful selection of the 
astronautic crew, because selection in- 
fers that we have an adequate predic- 
tive basis upon which to predicate the 
choice of standards. True enough, we 
do have aircrew selection standards 
and much is known concerning psy- 
chological selection. Although the ap- 
propriateness of applying these past 
selection standards to the new space 
situation may be questioned, it does 
offer an immediate approach which 
could be supplemented by some 
broad-brush guesses as to what might 
be a good test for this situation. 

Therefore, current crew selection 
might well be based upon such things 
as age, general physical condition, 
physical endurance, psychological and 
psychiatric evaluation, anthropometric 
measurements, educational and exper- 
ience background, tolerance to high 
altitudes, exposure to temperature ex- 
tremes, and resistance to vibration and 
acceleration. 

There are, however, some specific 
questions which should be answered 
as quickly as possible in this regard. 
For example, in terms of the hetero- 


geneity of the crew, what is the de- 
sirable mixture of crew members in 
terms of age, sex, experience, educa- 
tion, marital status, and socioeconomic 
background? What is the optimum 
number of crew members to reduce 
the feeling of isolation and lack of 
communication with the earth? In 
terms of an appropriate combination 
of crew personality factors, what are 
the desirable personality structures, 
dynamics, and nosological entities for 
various crew sizes, flight missions, as- 
signed work tasks, and flight dura- 
tions? 


How to Train Astronauts? 


Since it will be rather difficult to 
simulate spaceflight realistically or to 
anticipate crew performance require- 
ments fully, to what extent can there 
be appropriate orientation, familiar- 
ization, training, or indoctrination of 
crew members? Exactly what kind 
of subject matter should be covered, 
and how long, intensive, or realistic 
should the training be? Would the 
added separation from home, family, 
and friends be worth any other bene- 
fits accruing from very realistic simu- 
lation or preflight preparation? Should 
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some simulation or training time be 
required in submarine- or stratolab- 
type capsules fitted with prototype 
equipment? While full knowledge of 
the operating characteristics of the 
vehicle and associated equipment is 
highly desirable, how much crew cap- 
ability should there be for detailed 
maintenance and repair? Finally, how 
can training effectively complement 
rewards used to initiate and sustain 
the strong motivation necessary to in- 
sure success of a flight mission? 

On another tack, it has been sug- 
gested that the sleep-duty-recreation 
cycle should closely resemble our fam- 
iliar one. An artificial day-night cycle 
is thought to be particularly important 
in the sleeping quarters. As far as 
crew size is concerned, this consider- 
ation seems to imply that the basic 
modular personnel unit for each pri- 
mary work function on extended mis- 
sions should be a set of three individ- 
uals, one for each shift. As to job as- 
signments, there are several questions 
which should be considered. 

Should there be a rigid assignment 
of tasks and responsibilities or some 
rotational plan to afford a measure of 
variety and flexibility? 

Should there be some semblance of 
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military discipline or should there be 
a professional shirtsleeve atmosphere? 
If it is believed that the crew mem- 
bers should be kept occupied rather 
than permitted to become inactive, to 
what extent will supposedly meaning- 
ful and significant work tasks be per- 
ceived as “busy work,” and thus per- 
haps negatively influence the crew? 


Personal Security 


An important factor in the psycho- 
logical environment of the crew is 
the general sense of personal security. 
This key psychological underpinning 
reduces the fear and anxiety which 
precipitate many psychological prob- 
lems. A sense of personal security, 
for example, may be engendered by 
the following means: Adequate two- 
way communication with the base of 
operation; knowledge of the appro- 
priateness of control actions and the 
on-going success of the mission; some 
capability of the crew for active par- 
ticipation during emergency action or 
repair; adequate safety factors and 
features; and the presence of some 
probability of escape, survival, and 
rescue (however remote! ). 

Since an astronautic crew will prob- 
ably consist of adult or mature indi- 
viduals, the problem of dealing with 
sexual desires or impulses should not 
be overlooked as a possible source of 
psychological conflict. Just ~=what 
would happen on a rather extended 
trip for males removed from their mari- 
tal or romantic partners? We might 
first point to personnel in religious or- 
ders who commit themselves to volun- 
tary abstinence or to convicts under- 
going enforced abstinence from any 
normal sexual gratification. We also 
know that most physical or mental 
stresses tend to inhibit sexual impulses 
or desires in man. But, we have also 
heard of many schemes to occupy the 
romantic leisure time of male space- 
crew members. Mixing the crew or 
sending along married couples would 
probably create more problems than 
it would solve, if we can judge from 
sarthbound behavior. 

Rather than relying upon such all- 
or-none measures in attempting to 
take care of this potential source of 
difficulty in the space vehicle, perhaps 
drugs could be applied when needed 
and to the degree deemed necessary 
for sexual control. Of course, this 
would probably necessitate the pres- 
ence of a medically qualified individ- 
ual to determine dosages and any 
contra-indications to the drugs. 

A psychiatrist, in view of the pos- 
sibility of other psychological prob- 
lems arising, might be a logical addi- 
tion to the spacecrew to administer 
these and other pharmacologic aids 
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The Trouble with Space... 


A recent AP dispatch helped 
to point up one of the reasons 
the U.S. space program is run- 
ning into difficulties. The dis- 
patch noted that Sen. Kenneth 
B. Keating (R., N.Y.) had re- 
cently received a letter from a 
young lady in Syracuse, N.Y., 
protesting about the nation’s 
Man-in-Space program. 

“I don’t approve of sending 
our men up into space,” she 
wrote. “They may stay up there 
and we'll end up by having more 
old maids here than ever.” 


to the mental well-being of the crew. 
He could also provide medical care 
of the crew in case of illness or ac- 
cident, medical checkups, and other 
preventive medical care of the crew, 
and even certain research functions. 

We can quickly say that adequate 
facilities are needed for physical ex- 
ercise, mental stimulation, and con- 
ventional entertainment. But, as far 
as entertainment and recreation are 
concerned, of what kind and to what 
degree are such facilities actually 
needed? What would be the most 
economical and long-lasting recrea- 
tional forms? Which would be the 
most beneficial psychologically, while 
adequately reflecting all the individual 
likes and dislikes of the crew? The 
very presence of a multi-man crew 
might provide a rich storehouse of per- 
sonal experiences which could be en- 
tertaining in the right social atmos- 
phere. This type of social interaction 
also provides an opportunity for the in- 
dividual reality testing and consensual 
validation so necessary to reduce crew 
vulnerability to self-generating emo- 
tional stress. The schematic on page 
31 shows an internal closed loop of the 
man subsystem to emphasize the cir- 
cularity in generation of emotional 
stress. 

Insofar as physical exercise is con- 
cerned, we might ask what the opti- 
mum balance might be between the 
increased need for compensatory bod- 
ily movement and the requirement to 
minimize oxygen and food uptake. 
Under stress conditions, what will be 
the relationship between physical ex- 
ercise and nutrition where the food 
may not be appealing nor the water 
particularly palatable? 

Perhaps, despite all precautions and 
recreational opportunities, some diffi- 
culties may well occur. If this might 
be so, then we should also extend our 


thinking concerning recreation to the 
possible requirements for rehabilita- 
tion of spacecrews after they return. 
Interlude facilities were found to be 
quite necessary for repatriated Amer- 
ican PW’s during the Korean conflict. 
So our questions, generally, involve 
the interactions of many variables not 
only during the space-travel or space- 
residence phase directly, but also dur- 
ing preflight training and_ postflight 
rehabilitation. 


Psychology a Concern 


An analysis of presently available in- 
formation regarding the psychological 
hazards of extended spaceflight indi- 
cates that this should be an area of 
grave concern to those planning 
manned space missions. It is apparent 
that psychological problems sur- 
prising severity and incapacitating ef- 
fect are likely to occur among the 
members of an unselected astronautic 
crew under the anticipated cumulative 
multiple-stress conditions of space- 
flight. Greater attention and more 
intensive study is warranted of the 
problems of selection, training, and 
psychological environment of astro- 
nautic crew members. It seems par- 
ticularly important to insure that suffi- 
cient, timely, and appropriate research 
be conducted to determine the rela- 
tive importance of the various psycho- 
logical factors and to find means to 
overcome or to compensate for any 
such undue hazards to the success of 
costly manned space ventures. 


The 42 references of this discussion may be 
obtained by writing to the Editor. ee 


Russian Optical Journal 
Available in Translation 


The Optical Society of America is 
now translating and publishing the 
Russian Journal “Optika i Spektroscop- 
iya” under an NSF grant. The trans- 
lated journal is being distributed free 
to members of the Society and is also 
available to nonmembers in a_pack- 
age deal with the Society’s journal at 
$25 a year. Additional details may be 
obtained by writing to the Society's 
executive offices at 1155 16th St. 
N.W., Washington 6, D.C. 


Eighth International 
Combustion Symposium 


The Symposium, organized under 
the auspices of the Combustion Insti- 
tute, will be held at the California 
Institute of Technology between Au- 
gust 29-and September 2. Proposed 
papers, or abstracts of them, should 
be sent to Dr. S. S. Penner, Sympo- 
sium chairman, at CIT. 
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People in the News 
(CONTINUED FROM PAGE 83) 


A. Clyde Flackbert has been ap- 
pointed manager of administration for 
Tactical Weapon Systems operations 
at Ford’s Aeronutronic Div. 


Gerald Dennis becomes general 
manager of the new General Kinetics 
Corp., Burbank, Calif., a division of 
Hydra Electric Corp. Oscar L. Wad- 
kins, research engineer and designer, 
becomes director of engineering. 


Charles W. Creaser Jr. has been 
elected president of the newly formed 
Antenna Systems, Inc., at Hingham, 
Mass. Walter W. VanderWolk Jr. is 
executive vice-president. 


At Washington Technological As- 
sociates, Harold A. Timken Jr. has 
been named assistant to the president, 
and will continue as assistant secretary 
of the company. Richard E. Nearman 
has been upped to chief engineer. 


Jennings David, formerly director 
of engineering, has been appointed 
vice-president, engineering, Summers 
Gyroscope Co. 


Morgan E. McMahon has been ap- 
pointed manager and Elmo E. Maiden, 
assistant manager, respectively, of the 
Engineering Dept. at Pacific Semicon- 
ductors, Inc. 


Matthew L. Devine has been 
elected president of Amphenol-Borg 
Electronics Corp. 


William S. Schueler will head the 
design engineering group in the Re- 
search and Engineering Div. of Data- 
Control Systems, Inc. 


James R. Lincicome has been ap- 
pointed to the new post of manager 
of ‘program planning for Motorola’s 
Chicago Military Electronics Center. 
Robert J. Gnaedinger Jr. has been 
named senior solid state chemist for 
the Semiconductor Products Div. 


Choh-Yi Ang has been named di- 
rector of material laboratories, P. R. 
Mallory & Co., Ine. 


Hazeltine Research Corp. has ap- 
pointed William F. Bailey, Richard J. 
Farber, and Donald Richman associate 
directors of research. 


Myron B. Baldwin, manager, Mis- 
sile Products Div.; Joseph R. Greer, 
manager, Instrument Div.; and 
Thomas E. Holland, director, R&D 
Div., have been made vice-presidents 
at Beckman & Whitley, Inc. 


HONORS 


ARS members honored with 1959 
IAS Annual Awards include: James 


A. Van Allen, ARS Fellow and 1949 
C. N. Hickman Award winner, who 
received the IAS Hill Space Award for 
discovery of the Van Allen radiation 
belts; Brig. Gen. Don D. Flickinger, 
the John Jeffries Award “for outstand- 
ing contribution to the advancement 
of aeronautics through medical re- 
search”; and Karel J. Bossart, ARS 
Fellow and 1959 James H. Wyld Me- 
morial Award winner, the Sylvanus 
Albert Reed Award for achievement 
in aeronautics. 

Five ARS members became IAS 
Fellows. They are Joseph V. Charyk, 
Under Secretary of the Air Force; Al- 
fred Eggers Jr., NASA Ames Research 
Center; Vice-Admiral John T. Hay- 
ward, deputy chief of naval operations 
(development); Lester Lees, ARS 
Fellow, CalTech Guggenheim Aero- 
nautical Lab; and Lysle A. Wood, 
vice-president, Boeing, and general 
manager of its Aero-Space Div. 


Sir George Edwards, managing di- 
rector of Vickers-Armstrongs  (Air- 
craft) Ltd., was the 1959 recipient 
of the Daniel Guggenheim Medal for 
notable achievements in the advance- 
ment of aeronautics. 


Harry Nyquist, staff scientist in W. 
L. Maxson Corp.’s R&D Div., received 
the 1960 IRE Medal of Honor “for 
fundamental contributions to a quan- 
titative understanding of thermal noise, 
data transmission, and negative feed- 
back.” 


The William Procter Prize for Sci- 
entific Achievement was awarded to 
Charles S. Draper of MIT, in recogni- 
tion of notable accomplishment in sci- 
entific research. 


Hilliard W. Paige, general manager 
of GE’s Missile and Space Vehicles 
Dept., and an ARS member, has been 
named Philadelphia area’s “Engineer 
of the Year” for 1960 at the National 
Engineers’ Week sponsored by the 
professional engineering socicties. 


The U.S. Junior Chamber of Com- 
merce has designated Peter A. Cas- 
truccio, technical director of the Aero- 
space Div. of Aeronca Mfg. Corp., 
and an ARS member, as one of the out- 
standing young men of 1959. o¢ 


Castruccio 


International Scene 
(CONTINUED FROM PAGE 18) 


suborbital and orbital, respectively, 
constitute a division into two policy- 
wise and jurisdictionally distinguish- 
able classes, (a) the first of which 
(suborbital) overwhelmingly includes 
uses which bear a direct relation to 
the security and other vital interests 
of states beneath flightpath and should 
remain or be placed, therefore, under 
the exclusive regulatory authority of 
such subjacent states, and (b) the 
second of which (orbital) includes for 
the most part uses which only indi- 
rectly or casually affect the security 
and other vital interests of states 
beneath the flightpath, so that such 
states could afford to share regulatory 
jurisdiction thereover, i.e., delegate it 
to an international control authority.” 

To this question Dr. Sanger re- 
sponded: “In the present, technically 
primeval, initial state of astronautic 
development, I think such a distinc- 
tion possible, although it would rather 
soon be made obsolete, the future 
technical goal of aeronautical and 
astronautical engineering being the 
complete spatial independence — of 
their vehicles. For these reasons, I 
deem a limitation in altitude of the 
national sovereign air space, analo- 
gously to the offshore limitations of 
maritime law to be more efficient for 
duration than a limitation of national 
sovereignty to certain categories of 
vehicles.” 

Dr. Sanger concludes, “The classifi- 
cation of aircraft and immediately re- 
turning spacecraft under national con- 
trol, and of spacecraft not immediately 
returning to the planetary surface 
under international control, as sug- 
gested by you, would—with the ap- 
pearance of continuous rocket propul- 
sion engines—have to be supple- 
mented by one category covering ve- 
hicles usable as aircraft and as space- 
craft alike, and which do not follow 
preset trajectories, thus eluding your 
criteria. As the appearance of such 
vehicles may be expected much earlier 
than the disappearance of national 
empires, the altitude limits of sover- 
eignty would have again to be taken 
recourse to. An arbitrary classifica- 
tion, namely, of these thoroughly uni- 
versal vehicles under a definite cate- 
gory to be treated legally one way or 
the other, would not seem propitious. 
This example shows the general diffi- 
culty of pinning the criteria for na- 
tional or international legal treatment 
to the vehicles, which are subjected to 
considerable fluctuation and develop- 
ment, instead of to the relatively stable 
national empires.” 
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Contract awards 


Minuteman's Second Stage 
To be Produced by Aerojet 


The Air Force has chosen Aerojet- 
General to produce the second stage 
for the Minuteman, with the contract 
subject to successful tests of Aerojet’s 
second-stage hardware. Thiokol 
Chemical is building the first stage; 
Aerojet and Hercules Powder are 
working on plans for the third stage. 


ASW Systems Contract 


Texas Instruments Apparatus Div. 
has been awarded a $4.5 million con- 
tract by the Bureau of Naval Weap- 
ons for production of an advanced an- 
tisubmarine warfare system with de- 
livery to begin in 1961. From Con- 
vair-Astronautics, TI received two 
contracts to develop and produce 24 
telemetry systems for Centaur; from 
Boeing, a contract for production of 37 
telemetry systems for the Bomarc C-2. 


NASA Award to Avion 


A “quick reaction” contract to pro- 
vide engineering, laboratory, and 
model shop work associated with 
printed circuit electronics has been 
awarded to the Avion Div. of ACF In- 
dustries by NASA’s Goddard Space 
Flight Center. 


AEC R&D Awards 


The AEC has awarded R&D con- 
tracts on uses of radioisotopes and ra- 
diation to: William H. Johnston Lab- 
oratories, Inc., (Lafayette, Ind.) , $84,- 
600, to continue basic studies in radi- 
ation technology including use of the 
coincidence mass spectrometer for the 
study of multiple ionization processes; 
Battelle Memorial Institute, $49,600, 
to continue R&D on principles of use 
of radioisotope tracer systems for proc- 
ess and quality control; Jarrell-Ash 
Co., $32,600, to determine the feasi- 


NASA CONTRACTS FOR NOVEMBER 


bility of utilizing beta rays from radio- 
isotopes to generate x-rays suitable for 
fluorescent spectroscopy; and Bureau 
of Mines, to explore use of radioiso- 
tope tracers for fluid-dynamic studies. 


$7.5 Million for Drones 


Radioplane Div. of Northrop Corp. 
has received authorization from Army 
Ordnance to proceed on a $7,500,000 
production contract of 400 RP-76 
rocket-powered target missiles, includ- 
ing broad flight services. 


Mercury Altitude Sensor 


McDonnell Aircraft has awarded a 
$175,000 contract to Donner Scien- 
tific Co., Concord, Calif., for produc- 
tion of a maximum altitude sensor and 
accelerometers and accelerometer 
switches for Project Mercury. The 
maximum altitude sensor goes into ac- 
tion if it should become necessary to 
abort the rocket flight before the As- 
tronaut’s escape tower is jettisoned. 


Equipment for Titan Bases 


Contracts totaling more than $3,- 
000,000 for operational propellant- 
loading systems and alarm-system 
equipment at four Titan bases have 
been awarded to CompuDyne Corp. 
by AFBMD and the Army Corps of 
Engineers. The systems will be in- 
stalled at Ellsworth AFB, Rapid City, 
S. Dak.; Mather AFB, Sacramento; 
Mt. Home AFB, Idaho; and Larson 
AFB, Washington. 


Hawk, Polaris Contracts 


Raytheon will supply Hawk field 
maintenance equipment to the Boston 
Ordnance District under a $2,350,214 
contract, and provide Polaris guidance 
components and industrial support to 
MIT’s Instrumentation Lab under a 


$520,000 contract from the Navy Spe- 
cial Projects Office. 


Switching Device 


Electronic Systems Development 
Corp., subsidiary of Solar Aircraft, has 
received an AF contract for evaluation 
of an electronic static commutator 
which is said to consecutively open 
and close 60 different channels be- 
tween sensing devices in a missile and 
the missile’s radio transmitter. 


Data Reduction Facility 


A $381,000 contract from the Army 
Signal Corps to Beckman Instruments 
Systems Div. calls for development of 
a high-speed data reduction facility 
for the Army’s Electronic Proving 
Ground, Ft. Huachuca, Ariz. 


Navigation Systems 


GPL Div. of General Precision has 
received a $3,700,000 contract from 
AMC’s Aeronautical Systems Center 
for airborne navigation systems, in- 
cluding further procurement of com- 
ponents. 


B-58 Checkout System 


Additional funding of more than 
$1,300,000 for the defensive electronic 
countermeasures “checkout” system 
for the AF’s B-58 has been received 
by ITT Corp. 


Air Data Probes 


Waste King Corp. has been awarded 
AF production contracts totaling about 
$250,000 for manufacture of air data 
probes. 


Talos Telemetry Equipment 


Allen B. Du Mont Laboratories will 
produce telemetry equipment and as- 


Contractor Obligation Program 

Army Ordnance Corps $480,000 Purchase of Castor solid rockets. 

Brookings Institute $100,000 Study of long-term social, technological, economic, political, and international implications of 
space exploration. 

MIT $ 50,000 Study of navigational equipment for use in circumlunar and planetary flights. 

NBS $100,000 Provide tables plotting electron densities at various altitudes from data of space experiments. 

National Research Corp. $110,000 Deliver ultrahigh vacuum system and prototype of extremely low-pressure detector to measure 
atmospheric pressures at high altitudes with sounding rockets. 

Northrop Aircraft $260,000 Airborne pressure devices for X-15. 

Smithsonian Astrophysical Laboratory $200,000 Design and build ultraviolet space survey instrumentation. 

U. S. Weather Bureau $ 50,000 
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launched Oct. 13, 1959. 


Installation of five temporary receiving stations to record telemetry from Explorer VII 
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sociated test equipment for the Talos 
under a $1,600,000 subcontract from 
Bendix Products Div.—Missiles. 


Mace Theodolites 


Contracts totaling $2,000,000 for 
production of alignment theodolites 
for the Mace missile have been re- 
ceived by Perkin-Elmer Corp. from 
GM’s AC Spark Plug Div. 


SYNOPSIS OF AWARDS 


The following synopsis of govern- 
ment contract awards lists formally 
advertised and negotiated unclassified 
contracts in excess of $25,000 for each 
Air Force, Army, NASA, and Navy 
Contracting Office: 


AIR FORCE 


AFCRC, Laurence G. Hanscom Fietp, 
BeprorpD, Mass. 

Investigation of the outer ionosphere 
by observation of extraterrestrial low- 
frequency radio noise in space vehicles, 
$30,785, Harvard College, 10 Divinity 
Ave., Cambridge, Mass. 

Study of magnetohydrodynamics with 
application to phenomena occurring in 
the vicinity of our planet and in space, 
$39,831, New York Univ., Washington 
Square, New York, N.Y. 

Research on theory of feedback com- 
munication systems, $69,919, New York 
Univ., University Heights, New York, N.Y. 

Development of high altitude scanning 
radiometers, $128,893, Ball Brothers Re- 
search Corp., Boulder Industrial Park, 
Boulder, Colo. 

Research directed toward study and 
analysis on the radiative properties of 
plasmas including the effects of heavy 
ions, $43,500, Univ. of Michigan, Ann 
Arbor, Mich. 


AFMTC, Patrick AFB, Fra. 

Increase in funds, $85,205, Motorola, 
Inc., 8201 E. McDowell Rd., Scottsdale, 
Ariz. 

Increase in funds, $75,195, Convair- 
Astronautics, P.O. Box 1128, San Diego 
12, Calif. 

Increase in funds, $53,513, Dyna- 
_ Inc., P.O. Box 2566, Orlando, 
Fla. 


AFOSR, ARDC, Wasuincton 25, D.C. 

Research on boundary layers in high 
temperature gas flows, $48,576, Cornell 
Aeronautical Laboratory, Inc., 4455 
Genesee St., Buffalo 21, N.Y. 

Research on molecular interactions at 
high temperature, $98,957, Cornell Aero- 
nautical Laboratory, Inc., 4455 Genesee 
St., Buffalo 21, .NY. 

Continuation of research on effects of 
very high pressure and temperature on 
semiconducting and insulating materials, 
$77,500, Battelle Memorial Institute, 
Columbus, Ohio. 

Research on vibrational and vibration- 
rotational spectroscopy, $26,000, Univ. 
of Washington, Seattle 5, Wash. 

Research on high intensity plasma jets, 
$85,498, Plasmadyne Corp., 3839 South 
Main St., Santa Ana, Calif. 


Psychophysiological mechanisms of 
stress, $40,049, Duke Univ., Durham, 
Nic, 

Boundary layers in high-temperature 
gas flows, Cornell Aeronautical Lab., 
Inc., Buffalo, N.Y. 

Nonequilibrium flows, $52,120, Cornell 
Aeronautical Lab., Inc., Buffalo, N.Y. 

Molecular interactions at high tempera- 
tures, $98,957, Cornell Aeronautical Lab., 
Inc., Buffalo, N.Y. 

Ultra-energy fuels for rocket propul- 
sion, $70,852, Aerojet-General, Azusa, 
Calif. 

Chemical kinetics at high temperatures, 
$33,000, Univ. of Calif., Los Angeles, 
Calif. 

Mechanical properties of intermetallics, 
$32,530, Yale Univ., New Haven, Conn. 


Ocpen Arn MaterteL AreA, Hitt AFB, 
Uran. 

Data in support of IM99A missile, 
$39,600, Boeing Airplane Co., Pilotless 
Aircraft Div., P.O. Box 3925, Seattle 24, 
Wash. 

Data in support of SM62A missile, 
$29,800, Northrop Corp., Norair Div., 
Hawthorne, Calif. 


ARMY 


ARMY Orpnance Dist., BIRMINGHAM, 
2120 SeventH Ave., N., BiRMINGHAM 3, 
ALA. 

Research and developmental study of 
shielding problems in manned space ve- 
hicles, $49,000, Lockheed Aircraft, Geor- 
gia Div., Marietta, Ga. 

Engineering and _ design services, 
ground support equipment, Saturn, sup- 
plement, $390,000, Hayes Aircraft Corp., 
P.O. Box 2287, Birmingham, Ala. 

Pershing weapon system, $10,500,000, 
The Martin Co., P.O. Box 5837, Orlando, 
Fla. 

Enginering services for LaCrosse Mis- 
sile system, $951,001, The Martin Co., 
Sand Lake Road, Orlando, Fla. 

Basic research pertaining to telemeter- 
ing, measuring, and radio frequency sys- 
tems, supplement, $50,000, Auburn Re- 
search Foundation, Inc., Alabama Poly- 
technic Institute, Auburn, Ala. 


ARMY ORDNANCE Dist., Los ANGELES, 55 
S. Granp AveE., PASADENA, CALIF. 

Motors for 115MM_ boosted rocket, 
$120,168, Norris-eThermador Corp., 5215 
S. Boyle Ave., Vernon, Calif. 

Guided missile research and develop- 
ment, $135,000, CalTech, 1201 E. Cali- 
fornia St., Pasadena, Calif. 

Rocket engines, $150,000; design and 
development of NAA H-1 motors, $28,- 
500, North American Aviation, 6633 
Canoga Ave., Canoga Park, Calif. 

Design and structural analysis, $324,- 
162, North American Aviation Inc., 
12214 Lakewood Blvd., Downey, Calif. 

Tunnel development, $86,662, Plasma- 
dyne Corp., 3839 S. Main St., Santa Ana, 
Calif. 

Research and development effort on 
the Sergeant missile system, $2,491,644, 
Sperry Rand Corp., 322 N. 21st West, 
Salt Lake City, Utah. 

ORDNANCE Dist., PHILADELPHIA, 


128 N. Broap St., PHILADELPHIA 2, Pa. 
Research and development on electron 


density distribution in semiconductors 
$25,500, Univ. of Pittsburgh, Pittsburgh 
Pa. 

Test for aerodynamic heating, $44,378, 
Research Institute of Temple Univ., 
4150 Henry Ave., Philadelphia 44, Pa. 


SIGNAL SuppLy AGENCY, 225 S. 
18th St., 3, Pa. 

Solid propellant rocket motors, $43,- 
897, Rocket Power Div. of Gabriel Co., 
Mesa, Ariz. 

Research work for 12 months on utiliza- 
tion of self-sustained electron emission, 
$100,000, Tung-Sol Electric, Inc., 
Newark, N.J. 

Services and materials for one primary 
and two secondary satellite tracking sta- 
tions, $300,000, Collins Radio Co., 
Dallas, Tex. 

Ground stations for courier communi- 
cation satellite system, $200,000, ITT 
Labs, Nutley, N.J. 


Boston OrpNANCE Dist., ARMY Base, 
Boston, Mass. 

Detail technical scope of first phase 
demonstration of thrust, $49,468, Good- 
rich Voltage Astronautics, Inc., Burling- 
ton, Mass. 

Design and development, integrated 
airborne PCM telemetry system, $60,772, 
RCA, Burlington, Mass. 


NY Orpnance Dist., 770 Broapway, 
New York 3, N.Y. 

Analysis of radar noise in the Nike 
and related systems, $100,000, Colum- 
bia Univ., Box 6, Low Memorial Library, 
Broadway at 116th St., New York 27, 
N.Y. 


NASA 
Lanciey ResearcH CENTER, LANGLEY 
AFB, Va. 
Telemetering equipment, $42,166, 


Panoramic Radio Products, Inc., 520 S. 
Fulton St., Mt. Vernon, N.Y. 


Lewis ReseaArcH CENTER, 21000 Brook- 
PARK Rp., CLEVELAND 35, OHIO. 

Spectrograph and auxiliary equipment 
for Lewis Research Center, $30,516, 
Parrell-Ash Co., 26 Farwell St., Newton- 
ville 60, Mass. 

Pressure transducers for Lewis Re- 
search Center, $40,600, Statham Instru- 
ment, 12401 West Olympic Blvd., Los 
Angeles 65, Calif. 

Magnetic tape recording system for 
Lewis Research Center, $47,533, Am- 
pex Corp., 528 Vinewood Ave., Birming- 
ham, Mich. 


NAVY 


Bureau oF Suips, Wasutncton, D.C. 

Develop and evaluate ultrahigh 
temperature dielectric liquid material for 
potting of electronic components, $45,- 
176, Monsanto Chemical Co., Everett 
Station, Boston, Mass. 

Atmosphere analyzer, $196,985, Beck- 
man Instruments, Inc., 2500 Fullerton 
Rd., Fullerton, Calif. 


NavaL Traininc Device Center, Pr. 
WasuincTon, N.Y. 

Psychological study of spaceflight 
training, biomechanics spaceflight, 
project 0-4006, $39,631, ‘toerations Re- 
search, Inc., Silver Spring, Mi! +¢ 
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WROUGHT PRECIPITATION-HARDENING 


CHEMICAL ANALYSIS (* 


STAINLESS STEELS 


SHORT TIME ROOM TEMPERATURE PROPERTIES 


T Mn ce | 
}0.09 1.00 75 | TH 1050 MINIMUM | 150,000 | 180,000 4-7* 
- to | t to_| BA 
MAX MAX | MAX | MAX | MAX [18 7.75 | 50 17-7PH 180/000 
| 2:092-00 |0.04]0.04/1 00| 6.50|2.00|0.75| RH950 | | 195,000 | 215,000 9 
| | | Cu Co + Ta 
apy [0:07 }0.04 Jo.03/1.00|15.50|3.00 3.00] 0.25 PH15-7Mo 
17-4PH to | to t to BAI 
wax) max | max|wax | maxli7.50/5.00 |5.00] RH950 | typicaL | 215,000 | 240,000 6 
- 
0.50 [0.04 2.50] 0.07) | MINIMUM] 165,000] 180,000 8 
| | max|max| maxii7.00|5.00 |3.25) TYPICAL} 180,000] 195,000 B 
AM355 to | to to | to | to | to {gat ' 
{1.25 | max|max | [0.13 AM350 SCT 170,000] 200 000} 
MINIMUM| 165,000] 190,000] 
AM355 scr TYPICAL | 185,000] 215,000] 12 


The precipitation-hardening grades of 
stainless steel have found wide applica- 
tion in the aircraft and missile fields be- 
cause of their excellent combination of 
(1) high strength, (2) corrosion resist- 
ance, and (3) relative ease of fabrication. 

Two types are represented. The mar- 
tensitic alloys, typified by 17-4 PH, are 
available as bar, rod, wire, and forging. 
The semiaustenitic alloys, represented by 
17-7 PH, PH 15-7 Mo, AM 350, and 
AM 355 are available as sheet, plate, 
strip, bar, rod, wire, and forging. 

All these alloys may be produced from 
conventional steel mill equipment and 
by standard melting and casting proce- 
dures. 


Fabrication 


All of these alloys may be machined 
easily and at high speeds. In sheet form, 
17-7, 15-7, AM 350, and AM 355 are 
formable by conventional techniques, al- 
though they workharden rapidly and 
severe forming operations require inter- 
mediate anneals. It is possible to form 
these alloys in soft annealed conditions, 
then harden by comparatively low-tem- 
perature heat treatment. 


ULTIMATE TENSILE STRENGTH 
OF PRECIPITAT ION-HARDENING 
STAINLESS STEELS 


240 CONDITION 
AM350 - SCT 
y-15-7M0 AM355 - SCT 
220 5 17-7PH = RH950 _ 
15-7M0 - RH950 
AM355 
AM350 
180 
160 
17-7PH~ 
140 
120 | | 
200 400 600 800 1000 


TEMPERATURE - °F 
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* MINIMUM VALUES WLLL VARY WITH GAGE 
Joining 
PH 15-7 Mo is the most difficult to 
weld, being subject to hot-cracking and 
embrittlement. The other alloys are 
weldable by the same methods used for 
the standard grades of stainless steel and 
have a joint strength over 90 percent 
that of the base metal. Brazing is par- 
ticularly applicable to these materials and 
is best used when the brazing operation 
can be combined with annealing. Honey- 
comb structures have made wide use of 
17-7, both resistance welded and brazed. 
PHYSICAL PROPERTIES 


PRECIPITATION-HARDENING STAINLESS STEELS 


MATERIAL 


17-7PH 17-4PH | AM-350 
PH15-7Mo AM-355 
Condition | Condition | Condition — Condition 
| RH950 TH1050 4900 Sct 
| Density Ibs. per cu. in 0.276 0.276 0.282 0.286 
Coefficient of Thermal Expansion 
10-° in. /in./F 
| 70-400F 6.0 5.8 6.1 7.0 
| 70-800F 6.2 6.1 6.5 7.0 
| 
| 
Applications 


Components such as skins, ribs, levers, 
springs, hinges, clamp rings, and_pres- 
YIELD STRENGTH 


OF PRECIP ITATION-HARDEN ING 
STAINLESS STEELS 


conpition: 


AM350 SCT 


STRESS - KSI 


| 
0 200 400 600 800 1000 


TEMPERATURE - °F 


Compiled by C. P. King 


Materials and Process Section 
Marquardt Co., Van Nuys, Calif. 


PERCENT ELONGATION 
OF PRECIPITATION HARDENING 
STAINLESS STEELS 
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sure vessels have been made from the 
precipitation-hardening stainless steels. 


Other Alloys 

Several other alloys have been de- 
veloped which belong in this category. 
These include 17-10P, 785, 17-14 Cu- 
Mo, HNM, 16-6V, 17-7V, and Stainless 
W; but none of these has yet found wide 
application. 
Physical Properties 

A typical Cr-Mo-V die steel has a den- 
sity of 0.280 lb/in.’ and coefficient of 
thermal expansion (unit, 10° in./in./F) 
of 6.5 between 80 and 400 F, 7.1 between 


80 and 800 F, and 7.4 between 80 and 
1200 F. 


Heat Treatment 


These steels are preheated to 1400- 
1500 F and hardened at 1800-1900 F. 
Exact conditions vary with steel type. 
All three are air-quenched and tempered 
at 1000-1100 F; H-12 can also be oil- 
quenched. 


HEAT TREATMENT 


ANNEAL 1950 2 25°F 


RH 950 TH 1050 
17502 15°F FOR 10 MIN. 1400 + 25°F 
AIR COOL TO RT AIR COOL TO 60°F WITHIN 1 HOUR 
COOL TO -100 2 10°F HOLD 30 MIN 
HOLD FOR 8 HOURS 1050 2 10°F FOR 90 MIN, 
950 7 10°F FOR1 HOUR AIR COOL 


ANNEAL 1900 25°F 


4900 
900 25°F FOR 1 HOUR 


AM350 SCT 
AM355 1710 2 25°F FOR 30 MIN, 


COOL TO -100 7 10°F 
HOLD FOR 3 HOURS 
TEMP, AT 850°F FOR 3 HOURS 
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A Service Message from MAGNAFLUX 


CAN THIS BE IGNORED 2 


“Just a Little Old Crack’”’ 


A crack too small to be seen even with a microscope can stop a countdown 
—or a missile in flight—or cause failure of ground handling or servic- 
ing equipment. 


Yet out of a vast accumulated experience, metallurgists now generally 
agree that cracks or similar defects open to the surface or immediately 
beneath it are the cause of most localized high stresses and failures of parts 


under high loads. 


Most of them also believe—and put into practice—the fact that preventing 
failures is very often just a matter of finding cracks... that there are many 
test systems available... but that no single test is best for all needs. 


Only the most careful evaluation—impartially undertaken—permits each 
test system to be used to its fullest potential. 


We suggest that in the missiles and spacecraft program such an evaluation 
can help to achieve faster production schedules, more effective testing and 
more “right starts” in design development. 


In this race the penalties of failure may be enormous. To you we pledge 
our fullest cooperation, and will welcome yours. 


Meanwhile, in your preliminary thinking, the following listing may be help- 
ful, showing some of the test systems available to you. 


X-Ray 


One of the most valuable tools, espe- 
cially for finding sub-surface defects. 
May be used on practically any mate- 
rial. Permits permanent records for 
future reference or immediate inter- 
pretation. Is relatively slow. May not 
always find cracks or leaks. 


Magnetic Particle 


Uses controlled magnetic leakage fields 
to find all cracks, porosity or other de- 
fects at the surface or reasonably close 
to it. By far the most common crack- 
finder for magnetic metals used in 
critical service. Will find some defects 
in weldments that X-ray may overlook. 
Marks defects right on the part. Sim- 
ple procedures enable permanent rec- 
ords. Black light and fluorescent ma- 
terials speed up testing. May not find 
very deep seated defects, and requires 
knowledge of many ways and means 
of magnetizing complex shapes. 


Fluorescent Penetrant 


Most sensitive method, uses capillarity 


to find cracks and other defects open 
to the surface in nonmagnetic metals, 
and most other solid, nonporous ma- 
terials. Recent developments have in- 
creased sensitivity—will now find some 
defects no other method will detect. 
Readily tests complex shapes or high 
volumes. Offers near-absolute reliabil- 
ity in leak tests. Special formulae may 
be used safely on LOX systems. Speed 
governed only by requirements, but re- 
liable results require engineered test 
set-up and control. 


Dye Penetrant 


Dependable test on moderately “clean” 
or medium to large size defects (which 
may still be invisible). Original cost 
very low. May be fully portable, in 
spray can kits. Can be used on any 
metal, most other materials. Less sen- 
sitive than fluorescent penetrant tests. 


Ultrasonic Testing, Resonant 


Especially useful for determining 
thickness measurements from one side 
only—or finding lack of bond in lam- 


inates. Available in both oscilliscope 
and portable direct reading instru- 
ments. 


Eddy Current Testing 


Developed by Institute Dr. Foerster, 
Germany, for nondestructive testing. 
Evaluates effect of conductive mate- 
rials on eddy currents induced within 
them. New uses are being found almost 
daily. Many properties and defects 
can be evaluated, including hardness, 
conductivity, alloy composition, chemi- 
cal purity, cracks, heat treatment con- 
ditions or heat affected zones. Instru- 
ments for testing magnetic or non- 
magnetic metals. Operation may be 
automated, when desired. 


Brittle Coating Stress Analysis 


Determines stress concentration and 
measures values in siraple or complex 
shapes, in static or clynamic testing, 
and over the entire part. Parts can be 
immersed in oil or tested at tempera- 
tures to 600° F. with newest coatings. 


Magnaflux Corporation engineers and 
manufactures most of the nondesruc- 
tive test systems mentioned here. These 
—and numerous others—are available 
to you through Magnaflux. Our expe- 
rience is at your disposal—through 
Magnaflux Nondestructive Testing En- 
gineers who are recognized consultants 
in their fields, or through technical 
literature and reports. Write us your 
questions—or tell us your needs. If we 
haven’t the answer, we’ll try to find it 
for you or will refer you to others who 
have the answer. 


MAGNAFLUX 


CORPORATION 
Subsidiary of General Mills 
7310 West Lawrence Avenue 
Chicago 31, Illinois 

New York 36 ° Pittsburgh 36 * Cleveland 15 
* Detroit 11 * Dallas 35 * Los Angeles 22 


THE HALLMARK OF QUALITY IN NONDESTRUCTIVE TEST SYSTEMS 


Manufacturers of 
MAGNAFLUX-MAGNAGLO 
Magnetic Particle Testing 


SPOTCHECK 
Dye Penetrant Testing 


MAGNATEST 
Eddy Current Testing 


ZYGLO 


Fluorescent Penetrant Testing® 


SONIZON 


Resonant Ultrasonic Testing 


STRESSCOAT 
Brittle Coating Stress Analysis 


Also Other Test Systems for Most Materials 


Commercial and Field Inspection Service, 
including all Magnaflux Corporation 
Test Systems, and several others. 
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New equipment and processes J 


Missile Power Supply: Built for Nike- 
Hercules, this 400-cycle motor-gen- 
erator set has been field-tested at 
White Sands, N.M. A saddle-mounted 
enclosure atop the set contains all 
starting, protective, and switching 
equipment. Input and output plugs 
and complete metering are provided. 


Rating, 60 kw at 1200 rpm. Electric 
Machinery Mfg. Co., Minneapolis, 
Minn. 


Portable X-Ray Unit: Penetration ca- 
pability of 4-in. steel, 300-kv power, 
and a carrying weight of 150 lb are 
combined in the Baltograph 300. The 
X-ray head is cylindrically shaped, 
measuring 46 in. long by 12 in. in 
diam. Incorporated in the head are 
the tube, lead shield, HT transformer, 
filament heating transformer, auto- 
matic thermal cutoff, and receptacle 
for the control panel connector cable. 
Balteau. Electric Corp., Stamford, 
Conn. 


Jet Fuel Tester: An accurate, quick, 
and inexpensive means of estimating 
the amount of foreign material in jet 
fuel has been developed in the form 
of a simple “black box.” The device 
excludes all light except for a flashlight 


Rigidamp—Built-in Vibration Damping 


Structural members incorporating a 
viscoelastic material in laminar or 
cellular form can substantially reduce 
resonant vibration. This is the story 
of Rigidamp, the trademark Barry Con- 
trols Inc., Watertown, Mass., has 
given its practical applications of the 
theory of optimum damping developed 
by engineers J. E. Ruzicka and R. D. 
Cavanaugh of the company. 

This method of damping promises to 
ameliorate many of the problems of 
fatigue and stress associated with vi- 
brations produced by powerful rocket 
and jet engines. Rigidamp structures 
can be made as sheet and thin beams 
with laminar damping layers and as 
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I-beams, channels, and angles with 
cellular damping. The use of the tech- 
nique imposes some penalties in 
strength loss and weight gain, as com- 
pared with conventional structures. 
But, because many designs are based 
on dynamic-stress levels, Rigidamp 
structures may possibly not sustain 
these penalties in many applications. 

Obvious possible applications of 
Rigidamp structures are missile skins, 
test fixtures, electronic equipment 
frames, mounting bases, etc. Most re- 
search to date by Barry has been on 
metal structures, but the company has 
applied the technique successfully to 
plastics as well. 


Rigidamp structural members. 


beam passing through a window on 
one side. Particles in concentrations as 
low as one part in 10 million can be 
detected. The Pure Oil Co., 35 §, 
Wacker Dr., Chicago 1, Ill. 

Fused-Quartz Pressure Gauge: Avail- 
able in four pressure ranges—( 
to 1, 0 to 40, 0 to 80, and 0 to 120- 
all and repeatable to within 1 part in 


30,000, this gauge can reproduce pres- 
sures to the same degree of accuracy 
1 min or 10 days from the initial read- 
ing. Its fused-quartz mechanism gives 
it low hysteresis. Buck Instrument 
Co., P. O. Box 357, Boulder, Colo. 


VHF Pulse Transmitter: Peak pulse 
power of 100 watts is delivered at a 
maximum duty cycle of 50 percent 
into a nominal load impedance of 
50 ohms by the model 200A trans- 
mitter. Input modulation require- 
ment is 1 to 4 v peak into a 100-ohm 
termination. RF output signal be- 
tween modulation pulses is 50 db or 
more below the 1 kw output signal. 
Unit operates from a 208 v, 60-cycle, 
3-phase, 4-wire input. Sierra Elec- 
tronic Corp., 3885 Bohannon Dr., 
Menlo Park, Calif. 


Pressure Transducer: A flush-mounted 
transducer, Type 4-327, is obtainable 
in pressure ranges from 0 to 100 and 
0 to 5000 psi gauge and absolute. 
The pressure sensitive diaphragm can 
measure high-frequency transient phe- 
nomena. Provision is made for ad- 
justment of bridge balance, tempera- 
ture compensation, and sensitivity ex- 
ternal to the unbonded strain gauge 
sensing element. Consolidated Elec- 
trodynamics Corp., 360 Sierra Madre 
Villa, Pasadena, Calif. 
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Now offering... 
creative 
careers in 
ordnance 


Expanding operations in an exciting, 
growing company have created un- 
usual career opportunities for ord- 
nance engineers. Assignments on re- 
search and development projects will 
require the mature judgement of from 
two to ten years’ experience in the 
field and present a combination of 
stimulating challenge and an ideal 
professional climate for contribution 
and personal development. 


The company: the Crosley Division 
of Avco Corporation. There, confi- 
dence and personnel morale stem from 
aggressive management, a progressive 
approach to individual effort, and 
maximum support for all projects. 


Definite creative career opportunities 
are available now. Experienced per- 
sonnel can choose from: 


Ballistics 

e Arming and Fuzing 

e Non-nuclear Weapons Systems 
Analysis 

¢ Target Damage Evaluation 

Warhead Design 

e Shells System Design 

e Microminiature Electronic 
Assemblies Design 

e Projectile Design 


For complete information, write or call: 
Mr. P. B. Olney, Manager of Scientific 
and Administrative Personnel, Dept. 
R-30, Crosley Division, Avco Corpo- 
ration, 1329 Arlington Street, Cincinnati 
25, Ohio. Phone: KIrby 1-6600. 
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...FOR SPACE PLATFORM 


days at altitude. For assured recovery: even from 


Cosmic ray research above 99.5% of the earth’s at- 
mosphere . .. where no man has yet traveled .. . 
made possible by the world’s largest balloons 
launched from the USS “Valley Forge.” The 10,- 
000,000 cubic foot balloons lofted one-ton instrument 
packages to an altitude of almost 120,000 feet. This 
balloon flight operation was sponsored by the Office 
of Naval Research and the National Science Foun- 
dation. Balloons, telemetry, control and recovery 
instrumentation, as well as flight operations, all by 
Winzen Research Inc. 


The plastic balloon is still our closest approach to a 
space platform. It possesses a combination of cap- 
abilities making it an ideal test bed in a space 
equivalent environment. For heavy loads: _ this 
new giant has been tested to almost 7'/2 tons gross 
inflation. For long duration: capability of several 


the ocean. For safety: successful record of six 
major manned flights in sealed cabins. For high 
altitude: it holds the official world’s altitude record 
for manned flight. For preliminary manned space 
studies, it is an essential vehicle, for there is no easy 
way into space. 


These balloons are the largest in history. There 
seems to be no limit to their versatility. Future 
applications of plastic balloon systems in the study 
of space problems and phenomena challenge the 
imagination. Winzen Research Inc., the leading 
pioneer in this field for the past 12 years, continues 
to accept this challenge with competence and 
enthusiasm. 


How can we assist you in solving your space 
problems? 


WINZEN RESEARCH INC. 


‘Space Research For A Decade’’ 
Minneapolis 20, Minnesota TUxedo 1-5871 


We welcome confidential employment inquiries from qualified & dedicated scientists 
and engineers 
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